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Introduction 
The Surry Power Station, operated by the Virginia Electric and 
Power Company, is located on a peninsula that extends into the James 
River on its south shore. The tip of the peninsula is known as 
Hog Point, and it is approxtm.ately 30 miles (48 km) upstream from 
Chesapeake Bay and 50 miles (80 km) downstream from Richmond (Fig. 1). 
The sectlon of the river bordering this peninsula is the transition 
zone between fresh water and saline water, where the salinities 
encountered are near the tolerance minima for most estuarine and 
marine species and near the tolerance maxima for freshwater 
species. Therefore, the biological cowm1nity consists of a few 
resident species that can tolerate the entire range of conditions, 
and of visitors from upstream and dor,vnstream that can survive until 
their tolerance limits are exceeded. The region is biologically 
significant mainly as a nursery ground and migration corridor for 
fish species that are harvested elsewhere. The fish populations in 
the vicinity of the power station have been monitored by VEPCO 
personnel. VIMS was engaged by VEPCO to monitor the lower trophic 
levels, including the phytoplankton, zooplankton, benthic macro-
invertebrates and fouling organisms. The monitoring study has been 
in progress since May, 1969, and intensified sampling programs for 
phytoplankton and zooplankton were followed in 1975 and 1976. The 
present report covers the study period January through December 1976. 
The first of the two units of the power plant began commercial 
operation in December 1972, the second in May 1973. Together they 
require a cooling water flow of 106nt?sec-1 , which is pumped from the 
1 
- 2-
SURRY 
POWER 
STATION 
Figure 1. Location of the Surry Power Station. 
N 
+ 
-3-
river on the downstream side of the peninsula into a 2.74 km 
long elevated intake canal in which it flows by gravity for 
approximately 33 minutes to the power plant (Fig. 2). The water 
then flows by gravity through the condensers, where its temperature 
is raised a maximum of 8.3°C, into a 1 lon long sea level discharge 
canal which has a time of passage of approximately 28 minutes. The 
cooling water encounters a constriction at the discharge canal mouth, 
which boosts its velocity to 1.8 m·sec-1, causing turbulent mixing 
of the cooling water with the river water. On ebbing tides the plume 
hugs the shore downstream from the discharge and elongates, while 
on flooding tides it is oriented upstream and remains more compact. 
EBB 
I <-
""P 
I ~ 
+ 
~ 
\.n 
"';X) 
FLOOD ~ 
N ~ 
"';X) 
X- SAMPLING STATIONS 
Figure 2. Surry Power Station cooling water canal system 
showing in-plant sampling stations. 
-s-
Methods 
Station Locations 
Table 1 and Figure 3 show the locations of the phytoplankton and 
zooplankton sampling stations used in the river study. The intake 
canal was sampled at its downstream end, near the condenser intakes, 
while the discharge canal was sampled near the highway bridge about 
0.8 km upstream from the canal mouth (Fig. 2). The benthos and 
fouling plate stations are shown in Table 2 and Figure 4. 
Sampling and Sample Analysis Methods 
Phytoplankton samples were accompanied by samples for determinations 
of chlorophyll a concentration, salinity, and dissolved oxygen concen-
tration. Water temperature and Sec chi. Disk transparency were measured 
at each station. A non-metallic 2-liter Van Dorn bottle was used 
for sampling of phytoplankton and relate!d parameters. Phytoplankton 
samples were preserved with Lugol's iodine solution, and cell counts 
and identifications were performed using the inverted microscope 
method. Chlorophyll a samples were preserved with mercuric chloride 
(40 mg/1), and stored in opaque bottle~s on ice until return to the 
laboratory. They were then filtered through glass fiber filters, 
which were subsequently ground in 90% acetone to extract the chlorophyll 
a. The chlorophyll concentration in the extract was determined using 
a Turner Fluorometer, model 111. 
Zooplankton samples were taken with a 12.5 em diameter Clarke-
Bumpus quantitative sampler, equipped with a No. 20 (76p pore size) 
net. Tow duration ranged from one minute to five minutes, depending 
on the turbidity conditions encountered. Samples were preserved with 
Station Depth 
DWS 2 
Intake 1 
8 
HPS 5 
HPW3 2.5 
HPW2 3 
HPWl 1 
Discharge 2.5 
CBE 1 
CBC 3 
JI 8 
Intake Canal 
Discharge Canal 
-6-
Table 1 
Plankton Sampling Station Locations 
(m) Location 
Adjacent to tower (QK Fl Lt "A") 
Outside intake forebay - zooplankton sampling 
Inside intake forebay - phytoplankton sampling 
Adjacent to tower (QK Fl Lt "C") 
Adjacent to tower (QK Fl Lt "D") 
Adjacent to tower (QK Fl Lt "E") 
Off west shore of Hog Point, midway between HPS 
and discharge 
Discharge canal mouth 
Off west shore of Gravel Neck, south of discharge 
Midway between discharge and range markers near 
Cobham Wharf 
Adjacent to tower (QK Fl Lt "G") 
Within Surry power plant intake canal (sampled 
by VEPCO personnel) 
Within Surry power plant discharge canal (sampled 
by VEPCO personnel) 
Figure 3· ·n stations kton sarnpl1. g Plan 
/ 
I 
Station 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
DWS 
CBN 
CBS 
-8-
Table 2 
Benthos and Fouling Plate Station Locations 
Depth (m) 
1.5 
2.5 
1 
3 
3 
1 
1 
4 
1 
4 
5 
.5 
1 
6 
1 
2 
2 
2.5 
3 
Location 
Off tower (QK Fl 38 ft.) near Cobham Wharf 
Cobham Bay, off Chestnut Bluffs 
Cobham Bay, between mouths of College Run and 
Lower Chippokes Creek 
Center of Cobham Bay 
Tower (QK Fl Lt "E") 
In Thorofare off marker tower R "4" 
Cobham Bay, off Gravel Neck 
Tower (QK Fl Lt "F") 
West of Hog Point 
Between station 9 and black buoy "45" 
Tower (QK Fl Lt "C") 
Off mouth of College Creek 
East of Hog Point, on line with black and white 
buoy "J29" 
Black and white buoy "J35" 
Off power plant intake 
Tower {QK Fl Lt "A") 
Tower (QK Fl Lt "A") 
Tower (QK F1 Lt "D") 
Tower (QK Fl Lt "F") 
0 1 2 
nautical miles 
3 
Figure4. Benthos and fouling plate stations. 
I 
\0 
I 
5% buffered formalin, and counts and identifications were made using 
an Olympus dissecting microscope. Measurements of water temperature, 
salinity, dissolved oxygen, Secchi Disk transparency, and water depth 
accompanied each zooplankton tow. 
Benthos was sampled with a .OS m2 Ponar grab. The samples were 
sieved through a 1.0 mm mesh screen, and the organisms were preserved 
in a formalin solution containing the stain Phloxine B. Counts and 
identifications were made under a dissecting microscope. 
Fouling organisms were collected on 125 x 75 mm asbestos boards 
suspended in the river. Two pairs of horizontal and vertical fouling 
plates were suspended at each station, one pair being replaced 
bimonthly, the other pair yearly. The attached organisms were preserved 
in formalin and counted and identified under a dissecting microscope. 
Temperature measurements were performed using a Hydrolab model 
RT-125 research thermometer equipped with a model LS ASO thermistor 
probe. Salinity was measured on a Beckman model RS-7B salinometer. 
Dissolved oxygen concentrations were determined by the azide modifi-
cation of the Winkler technique. 
Sampling Design 
The sampling dates, stations, and biological parameters sampled 
are shown in Table 3. Phytoplankton and zooplankton samples were 
taken in the intake and discharge canals by Surry Power Plant personnel. 
In all months except April, May, and November, these samples were 
obtained on the same day as the river samples. In January all the 
canal samples were taken with a 202p zooplankton net, and were 
therefore incompatible with the riv·er samples. In all, eleven 
Table 3 
Summary of Biological Sampling Effort; sampling dates, stations sampled, and types of samples 
taken (Ph = phytoplankton, C = chlorophyll~' Z zooplankton, B = benthos, F = fouling organisms) 
Plankton Stations 
DWS 
Intake 
HPS 
HPW3 
HPW2 
HPWl 
Discharge 
CBE 
CBC 
JI 
Intake canal 
Discharge canal 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Fouling Plate Stations 
DWS 
CBN 
rR~ 
, , '") 
.L-.LL 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
1-21 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
P"h r 7 
.L. u, '""', ~ 
Ph,C,Z 
Ph,C,Z 
2-20 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
P"h r 7 
..L 1.1.' '""'' ~ 
Ph,C,Z 
Ph,C,Z 
Ph,Z 
Ph,Z 
2-20 
F 
F 
F 
3-24 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
P"h r 7 
..L l..J.' '-..)' LJ 
Ph,C,Z 
Ph,C,Z 
Ph,Z 
Ph,Z 
Date (1976) 
4-21 4-23 
Ph,Z 
Ph,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Date (1976) 
I. "'7 
'+-I 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
Date (1976) 
4-23 
F 
F 
F 
5-25 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
5-26 
Ph,Z 
Ph,Z 
t:. () 
u-;~ 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
6-23 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,Z 
Ph,Z 
6-23 
F 
F 
F 
7-15 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,C,Z 
Ph,Z 
Ph,Z 
I 
~ 
~ 
I 
Table 3 (Cont.) 
Date (1976) 
Plankton Stations 8-11 9-14 lD-14 11-17 11-18 12-10 
DWS Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
Intake Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPS Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPW3 Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPW2 Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPWl Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
Discharge Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
CBE Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
CBC Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
JI Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
Intake Canal Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Discharge canal Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
I 
Date (1976) 1--' 
N 
Benthos Stations 7-20 8-17 10-29 I 
1 B B B 
2 B B B 
3 B B B 
4 B B B 
5 B B B 
6 B B B 
7 B B B 
8 B B B 
9 B B B 
10 B B B 
11 B B B 
12 B B B 
13 B B B 
14 B B B 
15 B B B 
16 B B B 
Date (1976) 
Fouling Plate Stations 8-17 10-29 12-10 
DWS F F F 
CBN F F F 
CBS F F F 
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complete plankton runs, in.cluding replicated sampling of surface 
phytoplankton, chlorophyll ~, and zooplankton at ten river stations 
and two canal stations, were performed during the study year. 
Benthos sampling was performed quarterly during the winter, 
spring, and fall, and monthly during the summer. Two samples were 
taken per station per sampling run. 
bimonthly, beginning in February. 
the bimonthly plates were taken. 
Data Presentation and .~~nB:_lysis 
Fouling plates were recovered 
In June the annual as well as 
The raw data for each section of th~:~ study are presented in an 
appendix. Most of the plankton data ha.v4:~ been subjected to an analysis 
of variance, followed by Student-Newman-Keuls' test (Steel and Terrie, 
1960) to identify signifieant differences among sampling stationsc 
Log transformations were performed when necessary to normalize the 
data prior to analysis. \vi thin the body of the report, data summaries 
are presented, which include parameter means and which depict differ-
ences that are significant at at least the .OS level. 
Results - Plankton Studies 
Comparisons Within Months 
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The hydrographic data for the monthly plankton sampling runs 
are presented in appendix Table Al. The biological data are in 
appendix B, Table Bl (Chlorophyll a), Table B2 (total phytoplankton 
cell counts), Tables B3-Bl4 (phytoplankton species cell counts), 
and Tables Bl5-B26 (zooplankton counts). 
January 21 - The tide was flooding during sampling on this 
date. One power plant unit was operating (VEPCO, 1976), and the 
temperature measured at the discharge was 4.6 C higher than the 
temperature measured at the intake. Stations HPWl, HPS, and CBC 
had temperatures above 3 C, while the temperatures at the other 
river stations were between 2 C and 3 C. 
Phytoplankton - The ANOVA results for chlorophyll ~' 
total cells, and Skeletonema costatum are summarized in Table 4. 
The station means are ranked in ascending order, and means not sharing 
an underline are significantly different (~.05). Counts for 
Skeletonema costatum were highest at the discharge station, reflecting 
the transport of this organism through the power plant canal system 
from the intake side of Hog Point. The abundance of Skeletonema was 
not significantly elevated at the river stations on the discharge 
side of the point. 
Zooplankton - The ANOVA results appear in Table 5. Copepod 
nauplii and rotifers were the most abundant organisms in the samples. 
Stations HPW3 and intake were significantly higher in copepod nauplii 
than station CBC, and were higher in rotifers than ~ations CBC, HPW2, 
Table 4 
James River Phytoplankton ANOVA Summary 1-21-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly 
Chl a DWS HPWl CBC HPW2 Dis. JI HPS 
Cpg· I-1) 3.4 3.7 4.2 4.3 4.4 4.6 4.9 
Total cells HPW2 HPW3 CBC HPS HPWl JI CBE 
1 (cells·ml-.L) 300 350 400 450 450 525 625 
Skeletonema costatum HPW3 CBE HPS JI HPWl HPW2 CBC 
(cells·ml-1) 10 24 33 34 42 61 80 
different, aS:.. 05) 
HPW3 Int. 
5.2 5.7 
DWS Int. 
775 850 
DWS Int. 
195 332 
CBE 
6.8 
Dis. 
1000 
Dis. 
407 
e 
J-=1 
VI 
I 
TABLE 5 
James River Zooplankton ANOVA Summary 1-21-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~. 05) 
Copepod nauplii (No. /100 1) CBC HPS HPWl HPW2 Dis. DWS CBE JI Int. HPW3 
29.0 39.5 49.9 53.0 55.5 56.8 69.8 81.1 112.7 123.7 
Rotifers (No. /100 1) CBC HPW2 HPWl JI HPS CBE Dis. DWS Int. HPW3 
104.5 136.1 144.3 148.2 189.8 219.0 276.9 306.7 412.8 420.9 
Polychaete larvae (No./100 1) JI HPW3 HPW2 CBC HPWl CBE DWS HPS Dis. Int. 
0 0 4.2 5.0 12.0 12.2 15.2 16.7 44.2 78.3 I 
~ 
Eur:ltemora sp. (No. /100 1) CBC CBE DWS HPS HPW2 Dis. HPWl JI HPW3 Int. "" I 
5.0 7.4 9.0 12.0 12.7. 22.5 22.8 30.6 32.7 52.3 
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HPWl, JI, and HPS. Polychaete larvae were abundant at the intake 
station, and were apparently transported through the power plant 
cooling system to the discharge. These meroplankters were absent or 
rare at the upstream stations unaffected by the plume (JI, HPW3, HPW2, 
and CBC). The intake had a higher population density of Eurytemora sp. 
than did all other stations except HPW3 and JI. Seven other species 
groups were present (Table BlS), but were too rare or scattered in 
occurence for their counts to be analyzed statistically. Gastropod 
larvae were found only at: station DWS. 
February 20 - The samples were taken during a flood tide. Both 
generating units were operating (VEPCO, 1976), and the temperature 
of the cooling water was raised approximately 8 C between the intake 
and discharge stations. The temperatures at stations CBE, HPWl, and 
HPS were influenced by the power plant discharge plume. 
Phytoplankton - Table 6 presents the ANOVA results in summary 
fonn. Skele:tonema costatum was transported through the canal system, 
and its abundance was similar at the stations within the canal as 
well as at the intake forebay and discharge canal mouth. The 
Skeletonema organisms transported through the canals augmented the 
populations at the plume stations HP\\rl, CBE, and HPS. Skeletonema 
was s ignific:antly lower :Ln abundance at the four s:at ions that had 
salinities below 1 o/oo (HPW3, HPW2, CBC, and JI). Nitzschia 
vennicularis did not exhibit the pat:te~rn shown by Skeletonema, and 
its significantly elevated abundance at HPWl cannot be attributed 
to the power plant. 
Zooplankton - T.able 7 presents the zooplankton ANOVA 
results. Copepod naupli.i and rotifers were again the most abundant 
Table 6 
James River Phytoplankton ANOVA Summary 2-20-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, cJ s_.os) 
Chla JI HPW2 CBC HPW3 HPWl HPS DWS CBE Int. Dis. 
(pg ·1-1) 1.6 1.9 2.0 2.1 2.1 2.2 2.6 2.8 3.2 3.4 
Total cells CBC HPW3 HPW2 JI HPWl HPS CBE DWS Int. Dis. Dis. Int. 
(cells·ml-1) Can. Can. 
225 250 275 275 725 900 900 1250 1425 1475 1675 1725 
Skeletonema JI CBC HPW2 HPW3 HPWl CBE HPS DWS Int. Dis. Dis. Int. 
costa tum Can. Can. 
(cells·ml-1) 24 58 64 68 428 556 628 990 1010 1072 1080 1183 I ~ 
00 
I 
Nitzschia JI DWS CBE Dis. Int. HPW2 CBC HPW3 Int. Dis. HPS HPWl 
vermicular is Can. Can. 
(cells·ml-1) 2 4 5 6 6 6 7 7 7 8.5 8.5 17 
Table 7 
James River Zooplankton ANOVA Sununary 2-20-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~.05) 
Copepod nauplii (No./100 1) Int. Dis. 
Dis. Can. CBE Can. HPS Int. DWS CBC JI HPW3 HPW2 HPWl 
66.5 99.5 119.8 127.7 194.8 209.3 236.4 271.8 338.9 399.0 495.9 771.6 
Rotifers (No. /100 1) Int. Dis. 
Can. CBE JI CBC HPS HPW2 Can. Dis. Int. DWS HPW3 HPWl 
114.5 184.1 200.5 305.9 367.8 425.5 446.5 504.5 598.3 755.4 860.7 1018.3 
(No./100 1) Dis. I Eurytemora sp. Int. J--l 
Dis. CBE HPS JI Can. HPW3 Can. Int. CBC DWS HPW2 HPWl \0 I 
21.9 23.4 25.7 27.4 34.4 39.1 45.8 54.3 64.2 67.8 110.6 135.7 
Cyclopoid copepods (No. /100 1) Int. Dis. 
Dis. JI Int. HPWl DWS CBE HPW2 CBC HPW3 Can. HPS Can. 
0 0.6 0.7 0.8 1.9 1.9 3.5 4.2 9.4 14.1 17.4 27.3 
Bosmina sp. (No./100 1) Int. Dis. 
CBE DWS Dis. HPS HPW2 Int. HPWl HPW3 Can. Can. JI CBC 
0.6 0.7 1.3 1.9 2.3 3.0 3.3 3.5 3.5 5.3 8.5 15.7 
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organisms. The intake was significantly higher than the discharge in 
copepod nauplii, but neither the intake nor the discharge differed 
significantly from the canal stations for this species group. Station 
HPWl had the highest population densities for three of the organisms 
tested, while the discharge was the lowest for three. Gastropod 
larvae were present in the samples from DWS and the intake, and 
barnacle nauplii were in the discharge canal samples (Table Bl6). 
March 24 - The tide was ebbing during sampling. Both units 
were operating (VEPCO, 1976), resulting in a temperature difference 
of 8.7 C between the intake forebay and discharge canal mouth stations. 
Stations HPWl and HPS were within the plume. 
Phytoplankton - The ANOVA results appear in Table 8. A large 
pennate diatom, Nitzschia vermicularis, was transported via the power 
plant canals from the intake to the discharge canal mouth. Plume 
station HPS and nonplume station HPW2 also exhibited elevated population 
densities of this species. The inshore station upstream from the 
discharge, CBE, yielded the fewest Nitzschia vermicularis cells, but 
at the same time was richest in microflagellates. Nitzschia kutzingiana 
was most abundant at station CBC. Skeletonema costatum was found only 
at the four stations that had salinities above 0.7 o/oo (DWS, intake, 
discharge, and HPWl - Table BS). 
Zooplankton - The zooplankton ANOVA results are in Table 9. 
Copepod nauplii and harpacticoid copepods were the only organisms 
numerous enough to test statistically. Copepod nauplii were signifi-
cantly less abundant at HPW3 than at HPS, the discharge, and the canal 
stations. Fewer harpacticoids were collected at the intake than at 
Table 8 
James River Phytoplankton ANOVA Summary 3-24-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.OS) 
Chl a CBE HPW3 DWS JI HPWl CBC HPW2 Dis. Int. HPS 
(ug·I-1) 1.2 1.6 2.0 2.4 2.6 3.4 3.6 4.0 4.4 4.4 
I 
Total cellf Dis. Int. 
(cells·ml- ) DWS HPW3 Can. JI Int. HPWl Can. HPS HPW2 CBE CBC Dis. 
400 450 475 525 550 600 650 675 675 725 825 925 
Nitzschia Dis. Int. 
ktitzingiana Can. CBE DWS HPWl Can. HPW3 HPS Int. JI HPW2 Dis. CBC I 
(cells·ml-1) 25 50 75 100 150 150 150 150 175 250 250 375 I'> .... 
I 
Nitzschia Int. Dis. 
verrnicularis CBE JI CBC HPW3 HPWl DWS HPW2 Int. HPS Dis. Can. Can. 
(cells·rnl-1) .5 1.5 3 3.5 6 7 19 19 30 33 36 36 
8u flagellate Dis. Int. 
{cells·ml-1) Can. JI CBC Int. Can. HPS DWS Dis. HPW2 HPWl HPW3 CBE 
25 50 50 50 75 75 75 100 100 125 125 300 
Table 9 
James River Zooplankton ANOVA Summary 3-24-76 
Parameters Station and Means 
(Stations not sharing an underline are significantly different, a ~05) 
Copepod nauplii (Ng. /100 1) Dis. Int. 
HPW3 CBC JI DWS HPW2 CBE HPWl Int. HPS Dis. Can. Can. 
8.4 24.2 26.2 30.6 32.5 33.4 38.6 43. 6"• 60.8 62.8 66.9 148.0 
Harpacticoid copepods (No. /100 1) Dis. Int. 
DWS Int. JI Can. CBE HPW3 HPWl Dis. Can. CBC HPW2 HPS 
2.2 2.7 3.3 15.0 13.0 13.4 20.2 27.6 28.2 33.4 60.4 157.2 
I 
tv 
tv 
I 
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discharge or in the intake canal. Barnacle nauplii were most 
abundant in the canal samples and at plume station HPWl (Table Bl7). 
Polychaete larvae were found only in thE~ eanal samples. 
April 23 - Sampling -was conducted on an ebbing tide. One 
unit was operating (VEPCO ,, 1976), and the. temperature at the discharge 
station was 5.6 C above the intake stat:ion temperature. Stations 
HPWl, HPS, and CBE exhibited temperature elevations due to the plume. 
Phytoplankton - Table 10 summariz1:!s the phytoplankton ANOVA 
results. Station CBE was highest in cryptophytes and microflagellates. 
Cyclotella meneghiniana and Melosira _su·~~!alsa were most abundant on 
the downstream side of Hog Point, while ~~~oscinodiscus lacustris was 
most numerous upstream. ~~ritzschia lO"!!a!_~sir~ and Nitzschia vermicularis 
were transported through the canals and into the plume, while Cyclotella 
meneghiniana, Melosira subsalsa, and Ni!_~~schia kiitzingiana, which also 
had their highest numbers at the intake, did not exhibit this pattern. 
Skeletonema costatum was found only at the intake, HPS, and at the 
canal stations (Table B6). The BJ-1 Chro.Q!!lonas sp. was reduced signifi-
cantly in abundance between the intake and discharge stations. 
Zooplankton - Table 11 summarizes the ANOVA results. Copepod 
nauplii and rotifers were the most abundant organisms found. Stations 
HPS, HPW2, and HPW3 had consistently high population densities of the 
organisms tested. The discharge and intake stations differed signifi-
cantly only for harpacticoid copepods, which were not found in the 
intake samples. Station CBC had the highest population density of 
rotifers. Barnacle naupl:ii were present: in the canal samples, but 
were most abundant in the samples from the plume stations HPWl and HPS 
(Table Bl8). 
Table 10 
James River Phytoplankton ANOVA Summary 4-23-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~.05) 
Chla CBE DWS JI CBC HPWl HPW3 HPW2 Dis. HPS Int. 
()lg· T-1) 3.4 3.4 3.6 5.6 5.6 5.7 7.0 7.2 10.2 16.4 
Total cells Dis. Int. 
(cells·ml-1) JI Can. Can. CBC HPS HPWl HPW3 HPW2 Dis. DWS CBE Int. 
1575 2025 2125 2375 2575 2625 2700 2700 2725 3400 8475 9800 
8p Chroomonas sp. Int. Dis. 
(cells·ml 1) Dis. Can. Can. Int. DWS JI HPS HPW2 HPWl CBC HPW3 CBE 
100 100 150 175 300 375 700 725 750 775 875 6425 I ~'....:> 
~ 
I 
C:lclotella Dis. Int. 
meneghiniana JI CBE CBC HPW3 HPW2 Can. Can. HPS HPWl Dis. DWS Int. 
(cells·ml-1) 50 50 75 100 125 150 150 150 200 225 450 975 
Coscinodiscus Int. Dis. 
lacustris Can. DWS Dis. Can. Int. CBE HPWl HPW2 HPS HPW3 CBC JI 
(cells•ml-1) 13 14 16 20 24 24 24 31 31 54 61 64 
Melosira subsalsa Dis. Int. 
(cells· ml-1) HPW3 HPW2 HPWl JI Can. Can. HPS CBE CBC Dis. DWS Int. 
125 175 325 350 450 450 450 550 575 650 2050 3600 
Nitzschia Dis. Int. 
kutzingiana CBE DWS JI CBC Can. Can. HPWl HPS HPW3 HPW2 Dis. Int. 
(cells·ml-1) 100 350 550 675 900 975 1025 1025 1350 1450 1450 3475 
Nitzschia Dis. Int. 
longissima HPW2 CBE JI CBC HPW3 DWS HPS HPWl Can. Dis. Can. Int. 
(cells·ml 1) 0 0 0 1 1.5 1.5 2 2.5 7 8 12 37 
Table lO(cont. 'd) 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.OS) 
Nitzschia Dis. Int. 
vermicularis CBE CBC HPW3 DWS JI HPW2 HPWl Dis. HPS Can. Can. Int. 
(cells·ml-1) 0 0 .s 1 1 2.S 3.S 6 6 12 12.S 14.S 
3p flagellate Int. Dis. 
(cells·ml-1) Dis. Int. HPS HPW3 HPWl Can. Can. HPW2 CBC Jl DWS CBE 
0 25 50 50 so 50 ~"' 75 100 _::lV .lVV 100 925 
Bp flagellate Dis. Int. 
(cells·ml-1) HPW2 CBC Dis. Can. Can. HPWl HPW3 HPS Int. DWS JI CBE 
0 so so 50 50 so 50 50 50 so 7S S75 I 
N 
U1 
I 
Table 11 
James River Zooplankton ANOVA Summary 4-23-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different ,a ~· 05) 
Copepod nauplii (No. /100 1) Dis. Int. 
JI Can. CBC Can. HPWl HPS Int. DWS Dis. CBE HPW2 HPW3 
85.0 117.1 149.5 162.1 172.0 218.0 239.1 257.7 311.5 362.9 423.4 544.1 
Rotifers (No. /100 1) Int. Dis. 
Can. DWS Can. Dis. JI HPW1 Int. CBE HPW3 HPW2 HPS CBC 
0 14.4 18.5 145.5 153.8 189.7 260.1 422.6 452.0 475.1 475.3 1583.8 
Eurytemora (No. /100 1) Int. Dis. I sp. 1'-.) 
CBE Can. Dis. Can. JI Int. CBC DWS HPW1 HPW2 HPW3 HPS 0'\ I 1.3 2.6 7.4 7.9 15.8 16.5 20.1 25.6 50.9 64.1 75.2 82.8 
Harpacticoid copepods (No. /100 1) Dis. Int. 
DWS Int. Can. CBE JI Can. HPW3 HPW1 CBC Dis. HPW2 HPS 
0 0 3.5 7.4 7.7 7.9 15.1 15.7 19.5 20.5 27.7 51.2 
- -· - -· ~ .. 
-27-
May 25 - Seven of the stations were sampled at high slack 
tide. The tide had begun to ebb when stations CBE, CBC, and JI were 
occupied. One generating unit was operating (VEPCO, 1976), resulting 
in an intake - discharge station temperature difference of 4.3 C. 
The plume was difficult t:o define on the basis of temperature, but 
may have encompassed stations HPWl, CBE, and CBC. 
Phytoplankton - The ANOVA results appear in Table 12. 
Microflagellates and Rhi~~osolenia mini~~~ were most abundant at station 
CBE. Gyrosigma distortu~~ passed through the canals but did not appear 
in increased abundance beyond the discharge canal mouth. Skeletonema 
costatum was found in the samples from DWS, HPWl, CBE, and the canals, 
and must have been present at the intake and discharge also (Table B7). 
Zooplankton - The ANOVA results are in Table 13. Copepod 
nauplii and Eurytemora sp. were more abundant at the stations upstream 
from Hog Point than at the downstream stations, canal stations, or 
discharge station. Barnacle nauplii and polychaete larvae (Table B19) 
were most abundant at the canal and plume stations. 
June 23 - Sampling was perfomled on an ebbing tide. Both 
power plant units were operating (VEPCO, 1976), and the temperature at 
the discharge station was 8.6 C above that at the intake station. 
Stations CBE, HPWl, and HPS were affected by the plume. 
Phytoplankton - Table 14 su.rrnnarizter the ANOVA results. 
Station CBE was highest in total cells, due mainly to the large numbers 
of lSp cryptophytes collected there. The 8)l Chroomonas sp. showed a 
decline in abundance with passage through the canal system, with the 
greatest decrease in numbers occurring bet·ween the upper discharge 
Table 12 
James River Phytoplankton ANOVA Summary 5-25-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~. 05) 
Chl a DWS Dis. HPW3 HPS HPWl HPW2 Int. CBE JI CBC 
(pg· I-1) 2.1 2.8 3.0 3.4 3.8 3.9 4.0 4.2 5.3 5.6 
Total cells Dis. Int. 
(cells·ml-1) Dis. DWS Can. Int. Can. HPW2 HPW3 HPS HPWl CBC JI CBE 
550 650 725 750 825 925 1125 1175 1450 1700 1775 4275 
8p Chroomonas sp. Dis. Int. 
(cells·ml-1) DWS HPS HPWl Can. Dis. CBC Can. Int. HPW3 HPW2 CBE JI I 
125 150 200 200 200 225 250 275 325 350 850 875 N CX> 
I 
Cyclotella Int. Dis. 
meneghiniana JI Dis. Can. Int. Can. HPW2 DWS HPWl HPS CBE HPW3 CBC 
(cells· ml-1) 25 75 75 75 100 100 100 125 125 150 150 200 
Rhizosolenia Int. Dis. 
minima JI HPW3 Dis. Can. Can. HPW2 Int. DWS CBC HPWl HPS CBE 
(cells· ml-1) 50 50 100 125 150 150 150 175 300 450 450 1900 
Nitzschia Int. Dis. 
kiitzingiana DWS Dis. Can. Can. Int. HPW2 HPW3 HPS CBE HPWl CBC JI 
(cells·ml-1) 25 50 50 75 75 175 225 250 325 325 500 500 
GlrosiS!!!a Dis. Int. 
distort urn HPW3 JI CBC CBE HPWl HPS DWS HPW2 Can. Can. Dis. Int. 
(cells·rnl-1 0 0 .5 .5 .5 .5 .5 1.5 5 5 6 13 
3J.1 flagellate Dis. Int. 
(cells·ml-1) Dis. HPW2 Int. Can. HPS Can. DWS HPWl JI HPW3 CBC CBE 
25 25 25 50 50 75 75 175 200 225 350 575 
Table 13 
James River Zooplankton ANOVA Summary 5-25-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~ .05) 
Copepod nauplii (No./100 1) Dis. Int. 
Dis. Int. Can. Can. DWS HPW2 JI HPS HPW3 HPW1 CBC CBE 
77.0 81.5 96.9 154.1 160.7 169.6 348.8 363.3 421.5 487.8 505.3 608.0 
Acartia sp. (No./100 1) Dis. Int. 
JI Can. HPW3 HPWl HPS Dis. CBE HPW2 Int. CBC DWS Can. 
0 0 0.7 0.8 2.4 4.3 4.4 6.6 7.8 8.0 23.2 25.5 
Barnacle nauplii (No. /100 1) Int. Dis. 
HPS HPW3 HPW2 DWS JI CBC Int. Dis. HPWl CBE Can. Can. I 1.2 1.9 5.4 6.4 10.1 13.6 14.4 18.8 21.2 22.7 44.9 46.7 N 
\.0 
I 
Rotifers (No./100 1) Int. Dis. 
Can. Can Dis. JI HPS HPW3 Int. HPW2 CBE DWS CBC HPWl 
0 0 1.0 4.3 11.0 12.2 15.4 16.3 19.5 20.2 21.8 43.2 
Eurytemora sp. (No./100 1) Dis. Int. 
Int. DWS Can. Can. Dis. HPS JI HPW3 HPWl HPW2 CBC CBE 
1.1 1.3 1.8 3.5 4.4 9.8 19.1 16.9 31.8 33.8 44.2 70.4 
--~~- ···-~---·------- -----. 
Table 14 
James River Phytoplankton ANOVA Summary 6-23-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~- 05) 
Chla Dis. HPS HPW2 HPW3 HPWl CBC JI DWS Int. CBE 
(pg·I-1) 1.5 1.7 1.8 2.0 2.2 2.2 2.2 2.5 ~ ~ 
Total cells Dis. Int. 
(cells·ml-1) CBC Dis. HPS Can. Can. HPW2 DWS Int. HPW3 HPWl JI CBE 
775 850 1075 1275 1475 1725 1825 1925 2125 2400 3300 3825 
8p Chroornonas sp. Dis. Int. I 
w (ce1ls·ml-l) Dis. HPS Can. HPW1 CBC Can. CBE Int. DWS HPW2 HPW3 JI 0 
25 125 275 350 375 450 450 550 675 750 1150 2425 I 
15p Cryptophyte Int. Dis. 
(cel1s·m1-1) Can. Dis. Can. CBC Int. HPS HPW2 HPWl JI HPW3 DWS CBE 
0 0 25 50 75 75 225 225 250 350 475 2600 
Rhizoso1enia Int. Dis. 
minima JI CBC HPW3 CBE HPW2 Dis. Can. HPS Can. DWS Int. HPWl 
(cells·m1-1) 0 0 50 100 200 275 325 375 375 400 400 575 
Melosira subsalsa Int. Dis. 
(cel1s·ml-1) Can. CBC DWS HPS Dis. Can. CBE JI HPW3 Int. HPW2 HPWl 
25 25 50 50 50 75 125 150 175 200 200 225 
Nitzschia Int. Dis. 
kutzingiana DWS HPWl JI HPW3 HPW2 CBC Dis. HPS Can. Can. Int. CBE 
(cells·m1-l) 75 125 150 175 175 225 300 325 325 350 475 500 
G~rosigma Dis. Int. 
distortum HPW3 CBE CBC JI HPW2 DWS HPS HPWl Can. Dis. Can. Int. 
(cells·ml-1) 0 0 0 0 .5 1 1 1 1 1.5 1.5 8 
Parameters 
3p flagellate 
(cells·ml-1) 
Table 14(Cont.'d) 
Stations and Means 
(Stations not sharing an underline are significantly different, a~ =OS) 
Int. 
Can 
0 
Dis. 
Can. 
0 
CBE 
0 
Dis. 
25 
Int. 
50 
HPS 
50 
CBC 
50 
DWS 
75 
HPW2 
175 
HPW3 
225 
JI 
275 
HPWl 
475 
I 
w 
........ 
I 
Table 15 
James River Zooplankton ANOVA Summary 6-23-76 
Parameters Station and Means 
(Stations not sharing an underline are significantly differenta~ .OS) 
Copepod nauplii (No./100 1) Dis. Int. 
CBE Can. Dis. Can. HPS JI DWS HPWl CBC HPW3 HPW2 Int. 
233.2 238.7 244.8 366.4 659.1 873.7 884.3 945.1 1155.2 1206.8 1592.4 1998.3 
Eurytemora sp. (No./100 1) Dis. Int. 
CBE Can. CBC JI HPW2 HPW3 HPWl Can. Dis. DWS HPS Int. 
21.2 23.8 60.0 !3.8 95.0 118.9 129.5 133.0 140.4 172.5 270.3 '514. 9 
Barnacle nauplii (No~/100 1) Dis. Int. 
HPW2 HPW3 HPWl CBC Can. CBE HPS JI Dis. Can. DWS Int. I 
0.5 1.7 2.7 3.2 3.5 7.5 9.0 10.7 11.7 17.6 30.1 61.6 w N 
I 
Acartia sp. (No./100 1) Dis. Int. 
CBE CBC HPW3 HPW2 Dis. JI HPWl HPS Can. DWS Can. Int. 
0 0.7 2.8 7.9 8.1 10.3 11.0 55.4 65.2 128.0 229.0 785.1 
Table 16 
James River Phytoplankton ANOVA Summary 7-15-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~. 05) 
Ch1 a DWS HPW3 JI Dis. HPW2 CBC Int. HPWl HPS CBE 
(pg·I-1) 2.0 2.2 2.2 2.5 3.6 4.0 4.0 4.2 4.3 4.8 
Total cells Int. Dis. 
(cells·ml-1) Can. Can. Dis. DWS JI CBC Int. HPW2 HPW3 HPWl CBC HPS 
850 925 1050 1525 2075 2150 2175 2375 2500 2550 2900 3125 
8p Chroomonas sp. Dis. Int. 
(cells·ml-1) Can. Dis. Can. HPW3 CBE JI HPWl HPW2 DWS CBC Int. HPS I 
250 275 300 300 300 325 375 450 475 525 575 725 w 
---- ----------·---. ----.,_-~ r'~--·· .... -----~----•·.,.~- ···-··--... ·-·--·~··-- w 
I 
15p Cryptolhyte Int. Dis. 
(cells•ml- ) Can. Can. DWS Dis. Int. HPW3 JI CBC HPS CBE HPW2 HPW1 
0 0 25 25 50 50 100 200 225 250 250 375 
Skeletonema Int. Dis. 
CQSJ;;gt:IJ!ll Can. Can. Dis. DWS CBC Int. HPW2 HPWl CBE JI HPS HPW3 (cells·ml-1) 220 304 368 590 692 782 1178 1248 1273 1286 1526 1778 
Nitzschia Dis. Int. 
kutzingiana Can. Can. JI Dis. DWS Int. HPvl3 HPWl CBE CBC HPW2 HPS 
(cells•ml-1) 25 100 150 175 175 200 200 225 250 250 275 300 
Pleurosigma Dis. Int. 
delicatulum CBE JI HPWl HPW2 CBC HPW3 Can. HPS DWS Can. Dis. Int. 
(ce1ls·m1-l) 0 .5 2 4 4 4 6 6 8 8 9 24 
3p flagellate Int. Dis. 
(cells·ml-1) Dis. DWS Int. HPS HPW2 Can. HPW3 HPWl Can. JI CBC CBE 
25 50 50 50 50 50 100 100 125 125 200 275 
Table 17 
James River Zooplankton ANOVA Summary 7-15-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different a ~OS) 
Copepod nauplii (No. /100 1) Dis. Int. 
Can. Int. Dis. Can. HPW1 HPS DWS HPW3 CBE JI HPW2 CBC 
148.2 306.2 315.9 337.7 383.6 651.3 653.8 1080.2 1185.7 2590.8 2613.5 2858.2 
Polychaete larvae (No. /100 1) Int. Dis. 
HPWl HPW2 JI DWS HPW3 CBE Dis. Int. CBC Can. HPS Can. 
0.8 1.0 1.8 3.0 3.7 4.0 4.3 9.2 10.1 15.0 17.6 24.7 
.--.-.--~-----------------
Barnacle nauplii (No./100 1) Int. Dis. 
HPW3 HPW2 DWS HPS CBE JI Int. HPWl CBC Can. Dis. Can. I w 
3.7 3.8 15.0 24.9 31.2 48.7 51.9 56.6 77.3 479.7 594.1 1134.0 ~ 
I 
Cyclopoid copepods (No. /100 1) Int. Dis. 
Can. Can. DWS HPWl HPW2 CBE HPW3 Int. CBC JI Dis. HPS 
0 0 0.8 0.8 2.7 3.9 4.2 4.2 7.9 11.5 20.4 24.0 
Eurytemora sp. (No. /100 1) Dis. Int. 
Can. Can. HPWl CBE Int. Dis. HPS HPW3 DWS HPW2 JI CBC 
0.9 3.5 55.1 91.1 102.0 133.3 139.1 139.2 192.4 204.7 352.9 366.4 
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canal station and the .canal mouth. Other species, such as Rhizosolenia 
minima, Melosira subsalsa, and Nitzscl~!.a !(utzingiana, showed no signifi-
cant reduct:ion in numbers through the canals. Gyrosigma distortum was 
most abundant in the intake fore bay samplE~s, and was transported through 
the canals, but in lower numbers. :Sk~eletonema cos tatum was not found 
in any of the samples. 
Zooplankton - Table 15 presents the ANOVA results. The four 
organism groups tested w'ere most abundant in the intake samples. 
Barnacle nauplii were most numerous at DWS and the intake, and did 
not appear to have been contributed to thE~ plume region by the power 
plant canals in this month. Acartia sp. was most cbundant at the 
downstream stations, whi.le Bosmina sp. (Table B20) was found only at 
the stations upstream from Hog Point. 
July 15 - The tide was flooding during sampling. One unit 
was operating (VEPCO, 1976), and the temperature difference between 
the intake and discharge~ stations was ~!~. 5 C. Stations CBE and HPWl were 
encompassed by the plume~. 
Phytoplankton ·- The ANOVA results are in Table 16. Skeletonema 
costatum, contrary to it:s usual distribution pattern, was more abundant 
on the upstream side of Hog Point than on the downstream side. The 
lowest salinity measured was 1.88 o/oo, at CBE. The 8? Chroomonas sp. 
was significantly lower at the canal stat:ions and at the discharge than 
at the intake. Pleurosi.gma delicatulum was transported through the 
canals, but at densities significantly lower than those found at the 
intake. 
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Zooplankton -The ANOVA results appear in Table 17. Copepod 
nauplii and Eurytemora sp. had their highest population densities 
at the upstream stations CBC, HPW2, and JI. Barnacle nauplii, apparently 
produced in the power plant canals, were discharged in the cooling 
water. 
August 11 - The tide was flooding at all stations except JI, 
which was sampled at high slack water. Both units were operating 
(VEPCO, 1976), resulting in an 8 C temperature difference between 
the intake and discharge stations. Stations CBE, HPWl, and HPS 
were in the plume. 
Phytoplankton - Table 18 presents the ANOVA results. As in 
July Skeletonema costatum was more abundant in the upstream samples 
than in the samples from the intake side of Hog Point. Salinities 
at all stations were above 4 o/oo. There was a sharp drop in the 
abundance of the ~? Chroomonas sp. and Pleurosigma delicatulum between 
the intake forebay and the intake canal station. 
Zooplankton The ANOVA results are presented in Table 19. 
Copepod nauplii were more abundant at the intake than in the discharge 
canal or at the discharge canal mouth. Barnacle nauplii were flushed 
into the plume region from the canals. 
September 14 - Stations DWS, Intake, HPS, and HPW3 were 
sampled at low slack water, and the remaining stations were sampled 
on a flooding tide. Both units were operating (VEPCO, 1976), and the 
temperature measured at fue discharge was 9 C higher than the temperature 
measured at the intake. Stations HPWl and HPS appeared to be encompassed 
by the plume. 
Table 18 
James River Phytoplankton ANOVA Summary 8-11-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, Ct~ .05) 
Chl a DWS JI HPWl Dis. HPW3 HPW2 CBE CBC HPS Int. 
(pg·I-1) 1.7 2.0 2.2 2.4 2.8 3.2 4.1 4.1 5.2 5.4 
- - -· -- ·-
Total cells Int. Dis. 
(cells·ml-1) Dis. HPW2 JI DWS HPW3 HPWl Can. Can. HPS Int. CBE CBC 
1450 1525 1525 1550 1700 1875 1875 1875 2000 2450 2725 4000 
8u Chroornonas sp. Dis. Int. I 
(cells· rnl-I) JI Dis. HP~-12 Can. HPWl HPS DWS HPW3 Can. Int. CBE CBC w 
""-J 
300 350 450 625 650 650 675 675 800 1275 1450 1575 I 
LeEtoc~lindrus Int. Dis. 
minirnus JI HPW3 Can. Can. CBE Dis. HPS HPW2 DWS HPWl CBC Int. 
(cells·ml-1 100 250 250 325 325 375 400 400 450 475 475 525 
Skeletonerna Dis. Int. 
cos tatum Can. DWS Dis. Int. HPS Can. HPWl CBC HPW2 HPW3 CBE JI 
(cells•rnl-1) 16 20 20 29 57 68 97 101 114 170 205 401 
Pleurosigrna Dis. Int. 
delicatulum HPWl DWS CBE CBC Dis. Can. JI Can. HPW3 HPW2 Int. HPS 
(cells·rnl-1) 13 18 20 23 32 38 40 46 49 62 112 142 
Table 19 
James River Zooplankton ANOVA Sunnnary 8-11-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Copepod nauplii (No./100 1) Dis. Int. 
Can. Dis. CBC HPWl Can. JI CBE DWS HPW3 Int. HPS HPW2 
185.2 353.4 457.5 502.8 522.9 682.4 779.6 869.8 1211.4 1444.2 2868.1 5346.2 
Barnacle nauplii (No./100 1) Dis. Int. 
HPW3 CBC JI HPW2 DWS CBE HPS Int. Can. Can. HPWl Dis. 
20.1 63.9 68.0 76.4 88.7 93.6 167.3 265.5 694.0 754.0 758.3 1101.4 
Rotifers (No./100 1) Int. Dis. 
Can. Can. HPWl HPW3 CBC DWS Dis. JI HPW2 CBE Int. HPS I 
0 0 32.8 62.0 64.6 75.8 89.6 92.7 97.7 136.0 158.0 361.7 w 00 
I 
Eur~ternora_ sp. (No./100 1) Dis. Int. 
Can. HPWl Can. CBE HPW3 Dis. DWS CBC Int. HPS HPW2 JI 
1.8 2.7 3.5 13.3 21.2 24.7 44.3 45.2 71.0 122.4 124.3 478.6 
Polychaete larvae (No./100 1) Dis. Int. 
HPWl DWS HPW3 HPS CBE JI CBC Dis. Int. Can. HPW2 Can. 
0 0.8 3.1 15.0 13.0 14.6 16.8 17.3 19.6 33.5 70.0 79.4 
Harpacticoid copepods (No. /100 1) Dis. Int. 
HPWl HPW3 CBE DWS JI CBC Dis. Int. Can. Can. HPS HPW2 
0 0 0.7 0.9 1.1 1.6 3.2 3.7 5.3 7.9 38.8 41.4 
Acartia sp. (No./100 1) Dis. Int. 
Int. HPS HPW2 CBE CBC JI HPW3 HPWl Dis. DWS Can. Can. 
0 0 0 0.7 0.8 1.1 1.1 3.3 4.9 10.9 22.9 58.2 
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Phytoplankton -· The ANOVA results are summarized in Table 20. 
Station CBE yielded the highest cell counts for five of the dominant 
species. There was no s:ignificant reducti.on in the abundance of the B)l 
Chroomonas sp. between the intake and discharge stations, as there had 
been in the preceding three months. f~~ros igma beaufortianum, a pennate 
diatom similar in size to Pleurosigma s!eli.catulum, was transported 
, through the canals and i.nto the plume~· but was reduced in abundance 
by SO% between the upper discharge canal station and the canal mouth. 
The abundance of Skeleto2nema costatum did not vary significantly within 
the study area. 
Zooplankton - Table 21 sunnnarizes the ANOVA results. Barnacle 
nauplii were most abundant at the canal and plume stations. Polychaete 
larvae population densities were highest downstream from the discharge, 
suggesting that they may have been produced in the discharge canal. 
Pelecypod larvae were pr~esent at the upstream stations (Table B23). 
October 14 - The tide was flooding during sampling. One generating 
unit was operating (VEPCO, 1976), and the temperature difference between 
the intake and discharge stations was approximately 5.5 C. Only 
station HPWl showed a distinct temperature~ elevation due to the plllllle. 
Phytoplankton - The ANOVA results appear in Table 22. The Bp 
Chroomonas sp. was most abundant at the inshore stations on the 
upstream side of Hog Point. Two pennate diatoms were transported 
through the canal system. Gyrosigmc:! }Jeaufortianum declined signifi-
cantly between the intake forebay and the intake canal station. 
Pleurosigma delicatulum exhibited a similar pattern, but its reduction 
was not significant at the five per cent level. Skeletonema costatum 
Table 20 
James River Phytoplankton ANOVA Sunnnary 9-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different ,a~ .05) 
Chl a HPW3 Dis. HPW2 CBC JI Int. DWS HPS HPWl CBE 
(pg·l-1) 2.6 4.3 4.7 4.8 4.0 5.3 5.5 6.5 6.6 8.7 
Total cells Dis. Int. 
(cells· ml-1) Dis. HPW3 Can. CBC JI Can. Int. HPW2 HPS HPWl DWS CBE 
1750 1925 2000 2200 2250 2450 2600 2925 4150 4900 5925 11450 
I 
8p Chroomonas Dis. Int. ~ sp. 0 
(cells·ml-1) Dis. HPW3 Can. Can. CBC Int. JI HPW2 HPS HPWl DWS CBE I 
325 350 350 450 500 600 650 925 1450 1450 2375 3700 
16p Chroomonas sp. Dis. Int. 
(cells·ml-l) Int. HPW3 HPWl Can. DWS Can. Dis. JI HPW2 CBC HPS CBE 
50 50 50 50 75 75 75 75 100 125 175 925 
Katodinium Dis. Int. 
rotunda tum HPW3 Can. Dis. Int. Can. CBC JI HPW2 DWS HPS HPWl CBE 
(cells·ml-1) 0 25 25 50 50 75 100 175 225 225 225 750 
Rhizosolenia Int. Dis. 
minima Can. Can. Dis. DWS Int. HPS HPW3 JI HPWl HPW2 CBC CBE 
(cells·ml-1) 25 25 25 50 50 225 225 225 300 325 325 1400 
LeEtoc~lindrus Dis. Int. 
minimus Dis. CBC JI Int. HPW3 HPS Can. Can. HP\~2 HPWl CBE DWS 
(cells ·ml-1) 175 175 175 200 250 275 275 275 375 425 1150 1225 
Skeletonema Dis. Int. 
costa tum HPW3 Can. Int. Can. CBC HPS HPW2 DWS HPWl Dis. JI CBE (cells•ml-1) 100 125 175 175 175 200 200 225 250 325 325 625 
Parameter 
Gyrosigma 
beaufort ian urn 
(cells·ml 1) 
Table 2 0 (Cont' d) 
Stations and Means 
(Stations not sharing an underline are significantly different, a~. 05) 
DWS 
3 
CBE 
8 
CBC 
8 
JI 
10 
HPW2 
12 
HPW3 
40 
HPS 
76 
HPWl 
99 
Dis. 
102 
Dis. 
Can. 
204 
Int. 
Can. 
222 
Int. 
234 
Table 21 
James River Zooplankton ANOVA Sununary 9-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different a~· OS) 
Copepod nauplii (No./100 1) Dis. Int. 
Can. DWS HPW3 Can. Int. Dis. JI HPW2 HPS CBE HPWl CBC 
157.8 179.5 210.0 226.6 286.9 573.4 786.3 807.1 843.0 868.5 1082.8 1569.8 
Eurytemora sp. (No./100 1) Int. Dis. 
HPW3 Can. Can. DWS Int. CBE HPW2 Dis. HPWl HPS CBC JI 
18.3 41.4 44.1 44.9 49.8 50.6 58.4 68.8 89.5 121.4 135.7 169.7 
I 
Barnacle nauplii (No./100 1) Int. Dis. +:'-N 
HPW3 JI CBC DWS HPW2 Int. CBE HPWl Can. HPS Can. Dis. I 
20.2 21.8 52.3 57.0 76.6 189.4 192.3 202.2 410.0 610.4 671.1 736.9 
Rotifers (No./100 1) Dis. Int. 
Can. Can. Int. JI CBE DWS HPW3 CBC HPS Dis. HPW2 HPWl 
0 0 108.9 170.1 222.3 223.9 254.2 303.7 325.4 417.9 411.0 413.1 
Polychaete larvae (No./100 1) Int. Dis. 
HPW3 HPW2 CBC Int. Can. Can. CBE JI DWS HPS HPWl Dis. 
3.9 14.0 17.8 21.0 25.6 31.8 35.5 36.2 38.6 40.0 69.6 103.1 
Table 22 
James River Phytoplankton AN OVA Summary 10-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~. OS) 
Chl a* CBC Dis. HPW3 DWS CBE HPH2 HPS Int. JI 
(ug·i-1) 2.4 2.8 2.9 3.0 3.2 '~. 0 4.0 4.2 4.2 
Total cells T1.1t .• Dis. 
(ce1ls·ml-1) JI HPH2 CBC Can. DWS HFW3 Can. Dis. l:.l t. HP\-11 HPS CB'3 
625 950 1000 1025 1050 1075 1100 1125 1325 1425 lLSO 1775 
8p Chr·Jcrronas sp. Int. Dis. 
(cells·ml-1) JI Can. HPvJ3 Int. HPlJ2 Dis. DWS Can. CBC HP\-11 CBE HPS I 
225 275 300 325 325 325 350 350 375 (" ') •.. 700 7.?.5 ~ Q,.:..) w ---------~~------ I 
15)1 Cryptolhyte Int. Dis. 
(cells·ml- ) Int. HPW2 JI DWS HPS HPWl Can. Can. Dis. CBC CBE HPW3 
25 25 25 50 "() 
"" "" 
r:::n r:::/"\ I:/"\ ,/"\" ,"71: JV .JV .JV .JV JV JV .LVV .L/J 
He1osira sub salsa Dis. Int. 
(ce11s•ml-l) Dis. Can. DWS CBC Can. HPW3 Int. HPW2 JI CBE HPW1 HPS 
100 150 175 175 200 225 275 325 325 400 500 475 
-·-.. 
-- ----- -- --4-•• ·----~-----· ....... -· .. --·-
Nitzschia Dis. Int. 
kutzingiana JI HPW3 HPS Dis. HPW2 HPW1 Can. CBC Can. DWS Int. CBE 
(cel1s·m1-1) 50 75 100 100 125 125 125 125 150 175 200 200 
P1eurosigma Dis. Int. 
de1icatu1um JI HPW2 HPW3 CBE HPS CBC DWS HPW1 Can. Can. Dis. Int. 
(ce11s•ml-l) .s 2 2 2 5 4 8 10 37 38 38 58 
Gyrosi~a. Int. Dis. 
beaufortianum HPWl HPW3 JI HPS HPW2 CBC CBE DWS Can. Dis. Can. Int. (ce1ls·m1-1) 0 .5 .5 1 1 1 2 2 6 6 6 14 
..• -~- ·--·- ~--·...-----~-~ --·-----.. --. ~----------~- ·- -----------~--·-· 
* 
HPWl: one sample lost. 
Parameters 
3)1 flagellate 
(cells ·ml-1) 
Table 22 (Cont. 'd) 
Stations and Means 
(Stations not sharing an underline are significantly different,a ~.05) 
Dis. 
HPW2 
50 
CBC 
75 
JI 
75 
HPS 
100 
Can. 
100 
Dis. 
100 
Int. 
125 
HPW3 
125 
HPW1 
150 
Int. 
Can. 
175 
CBE 
175 
DWS 
200 
I 
~ 
~ 
I 
Table 23 
James River Zooplankton ANOVA Summary 10-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~OS) 
Copepod nauplii (No./100 1) Dis. Int. 
Can. Int. HPWl Dis. Can. DWS HPS CBE HPW3 HPW2 CBC JI 
48.5 105.2 199.0 206.0 224.9 260.2 438.5 475.6 637.5 735.9 820.4 1018.2 
Eurytemora sp. (No./100 1) Dis. Int. 
Can. Int. Dis. CBE Can. HPWl DWS HPS HPW3 JI CBC HPW2 
2.6 6.0 6.2 11.0 20.3 25.7 32.9 36.5 79.0 79.8 120.7 191.9 
Bosmina sp. (No./100 1) Dis. Int. 
Can. Can. Int. CBE Dis. HPWl DWS HPS JI HPW3 CBC HPW2 I +:' 
0.9 1.8 3.0 7.0 9.2 20.1 27.6 175.8 295.9 432.0 517.4 707.0 U1 I 
Rotifers (No. /100 1) Dis. Int. 
Dis. Can. Can. CBE DWS Int. HPWl HPW3 CBC JI HPW2 HPS 
0 0 1.8 12.1 16.3 19.5 19.6 36.6 57.1 86.1 95.1 106.3 
Harpacticoid copepods (No. /100 1) Dis. Int. 
Int. Can. Can. HPW3 HPWl Dis. CBE CBC HPS HPW2 DWS JI 
0 0.9 1.8 2.1 4.2 6.0 7.0 7.1 9.9 10.3 10.5 13.0 
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was not observed in the October samples. 
Zooplankton - Table 23 presents the ANOVA results. 
Population densities for most of the species groups collected were 
highest at the upstream stations. The cooling water was rich in 
barnacle nauplii but was relatively poor in other zooplankton groups 
(Table B24). Consequently it had the effect of enriching the plume 
region with barnacle nauplii, while at the same time diluting the 
other zooplankton populations. 
November 17 - The samples were taken on an ebbing tide. Neither 
unit was operating (VEPCO, 1976), and the flow of water through the 
canal system was abnormally low. The water temperature at the 
discharge canal mouth exceeded the intake temperature by 0.2 C. 
Phytoplankton - The ANOVA results, in Table 24, revealed few 
significant differences among the stations. The counts for Skeletonema 
costatum suggested that this species was being transported in small 
numbers through the canals. 
Zooplankton - The ANOVA results are in Table 25. Copepod 
nauplii and polychaete larvae were significantly more abundant at the 
discharge than at the intake. Eurytemora sp.,harpacticoid copepods, 
and cyclopoid copepods (Table B25) were most abundant at the upstream 
stations. Barnacle nauplii were found mainly in the canals, at the 
discharge, and downstream from the discharge at HPWl (Table B25). 
December 10 - The tide was flooding during sampling. Both 
generating units were out of operation (VEPCO, 1976), and the 
cooling water flow was very low. The discharge water temperature was 
0.2 C above the intake water temperature. 
Table 24 
James River Phytoplankton ANOVA Summary 11-17-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, Cl~.OS) 
Chl a DWS CBE HPW3 HPWl Int. HPW2 JI CBC HPS Dis. 
(ug·I-1) .8 .9 1.0 1.1 1.4 1.7 1.8 2.0 2.2 2.8 
Total cells Int. Dis. 
(cells•ml-1) HPW2 HPS HPWl Dis. DWS HPW3 Can. Int. CBC JI Can. CBE 
325 350 350 350 375 400 400 450 450 450 475 600 
8p Chroomonas Dis. Int. I sp. +"" (cells•ml-1) HPS HPW3 DWS HPW2 Can. JI HPWl Can. Dis. CBC Int. CBE ........ I 
75 75 125 125 125 125 150 150 150 150 175 200 
Nitzschia Int. Dis. 
klitzingiana Int. Can. Dis. DWS HPWl HPS Can. nnr." TTTIT.T') TT HPW3 f"'Tlf"' \...D.C. nr w&... ..J.l. v.L.Iv 
(cells·ml-1) 50 so 50 100 100 125 125 125 175 225 225 225 
_._,.,._,., --- ·- ----.. ··-
Ske1etonema Int. Dis. 
costatum HPW2 CBE CBC JI HPW3 HPWl HPS Int. Can. Dis. Can. DWS 
(cel1s·ml-1) 0 0 0 3 3 3 4 6 7 8 8 10 
Table 25 
James River Zooplankton ANOVA Sunnnary 11-17-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a.~ • 05) 
Copepod naup1ii (No. /100 1) Dis. Int. 
DWS Can. HPW2 HPW3 CBE JI CBC HPWl HPS Can. Int. Dis. 
42.3 67.0 94.4 95.0 96.3 118.2 123.5 124.3 127.7 140.2 147.1 204.3 
Polychaete larvae (No./100 1) Dis. Int. 
JI CBC CBE HPW3 Can. Int. HPS HPW2 HPW1 Can. Dis. DWS 
0 0 0 2.3 7.0 20.1 31.3 34.7 35.8 46.7 84.8 183.0 
Eurytemora sp. (No./100 1) Dis. Int. I 
Int. Can. Can. HPW1 HPS Dis. HPW2 CBE DWS HPW3 CBC JI +' 00 
6.5 7.1 7.9 8.0 9.0 9.1 10.0 13.7 22.1 30.7 34.4 40.2 I 
Harpacticoid copepods (No./100 1) Int. Dis. 
Can. DWS Int. HPW1 Can. Dis. CBC JI CBE HPW2 HPW3 HPS 
0 2.0 4.5 5.1 5.3 7.7 10.9 14.3 14.8 22.5 29.5 47.3 
Table 26 
James River Phytoplankton ANOVA Sunnnary 12-10-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different ,a~ .05) 
Chl a HPWl CBE Int. Dis. DWS CBC JI HPS HPW3 HPW2 
(ug·i-1) 1.0 1.0 1.4 1.4 1.5 1.6 2.0 2.5 2.7 3.4 
Total cells Int. Dis. 
(cells·ml-1) CBC HPWl Can. Int. HPS HPW2 Dis. Can. JI DWS HPW3 CBE 
250 350 375 375 400 425 425 450 475 550 625 725 
Bp Chroomonas sp. Int. Dis. (cells·ml-1) HPW3 HPW2 HPWl CBC JI Int. Can. DWS HPS Dis. Can. CBE 
50 100 125 125 125 150 150 175 200 200 250 -~- I +:--\0 
Nitzschia Int. Dis. I 
kiitzingiana Can. Can. CBE Int. HPWl CBC Dis. JI HPS mvs F...P\--12 HP\•13 (cells·ml-1) 0 50 50 75 75 100 125 150 175 200 250 ~ --·~~ ., ........ -· .. ..,... ·--~----- ' . - ~ -- -----~....._--~-~----------~-----.- ----·------~--
Skeletonema Int. Dis. 
costa tum JI CBC CBE HPW3 HPW2 HPWl Int. DWS Can. Dis. Can. HPS (cells•ml-1) 0 0 0 0 0 0 2 3 3 3 4 6 
3p flagellate Dis. Int. 
(cells·ml-1) HPW3 CBC JI HPW2 Can. HPS Can. Dis. DWS Int. HPWl CBE 
25 25 25 50 50 75 75 100 125 125 125 150 
Table 27 
James River Zooplankton ANOVA Sununary 12-10-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~· 05) 
Copepod nauplii (No./100 1) Dis. Int. 
CBC Dis. HPWl Int. Can. DWS HPS Can. CBE HPW2 JI HPW3 
18.3 23.3 27.0 30.0 32.6 32.8 42.8 50.3 52.9 107.8 112.9 116.8 
Eurytemora sp. (No./100 1) Dis. Int. 
Can. Can. Dis. Int. CBC HPWl HPS DWS CBE JI HPW2 HPW3 
5·. 3 7.9 10.5 11.1 11.2 11.4 11.6 19.8 30.5 35.1 98.0 99.8 
Harpacticoid copepods (No./100 1) Dis. Int. 
CBC JI Can. CBE DWS HPWl HPW3 Int. Dis. HPS Can. HPW2 I V1 
1.3 1.5 3.5 4.9 5.1 5.6 5.7 6.2 10.6 18.8 30.0 36.0 0 
----
I 
Cyc1opoid copepods (No./100 l) Dis. Int. 
Can. Can. Int. Dis. DWS CBE HPW1 CBC HPS HPW2 JI HPW3 
0 0.9 1.2 2.5 4.6 5.3 5.8 6.4 6.6 20.9 21.9 23.3 
Rotifers (No. /100 1) Dis. Int. 
DWS Int. HPS HPW3 HPW2 HPWl JI Can. Can. Dis. CBE CBC 
0 0 0 7.8 17.2 76.3 98.9 114.6 158.7 163.4 230.1 287.5 
-51-
Phytoplankton - CE~ll counts were generally low, and the 
ANOVA results (Table 26) showed only t¥J'O significant differences. 
The Bf Chroomonas sp. was most abundant at CBE, and Nitzschia 
ki.itzingiana exhibited its highest counts at HPW3. Skeletonema 
costatum was collected only at the downstream river stations and in the 
power plant canal system. 
Zooplankton -The ANOVA results appear in Table 27. The 
upstream stations, particularly HPW2, HPW3, and JI, had significantly 
higher population densities for most of the species groups tested than 
did the other stations. Rotifers were not collected at the stations 
from Hog Point downstream. They were abundant in the power plant 
canals, however. Barnacle nauplii were not collected in December. 
Comparisons Over Months 
Phytoplankton Seasonal Distribut~ions - During the intensified 
plankton monitoring program conductE~d in 1975 and 1976, two complete 
seasonal phytoplankton cycles in thE~ study area were observed. Overall 
phytoplankton abundance showed a close relationship to parameters 
associated with solar energy input, as illustrated in Fig. 5 for 
water temperature. The temperatures plotted are those that were 
measured at the power plant intake and discharge during the monthly 
phytoplankton sampling runs. The phytoplankton counts are averaged 
over three stations that were remote from the power plant and from 
the inshore river environment. 
In both years the spring phytoplankton increase paralleled 
the rise in ambient water temperature above 20 C. This occurred one 
month earlier in 1976 than in 1975. The counts in August and 
(.) 
0 
40 
30 
a.: 20 ~ 
w 
1-
10 
SURFACE WATER 
TEMPERATURE ~- ..... 
, ' ,., \ 
.,.,. \ 
.~ \ 
/ 
I 
• 
..... 
, 
, 
I 
I 
I 
' .. 
O. J F M A M J J 
1975 
AS 0 N D J F M AM J J AS 0 N 1 D 
2400 
TOTAL PHYTOPLANKTON 
(Means: Sta. J I,CBC,HPW 2) 
1976 
~ 1600 
en 
....J 
....J 
w 
(.) 
800 
0
-J F M AM J J AS 0 N D J F M AM 0 N D 
Figure 5. 
1975 
Surface water temperature and total phytoplankton 
abundance in the study area, 1975-76. 
I 
V1 
N 
I 
-53-
September of 1976 were about twice as high as in the same months in 
1975, but the fall declines showed the same pattern in both years, 
closely accompanying the dropping water temperature. Late sunnner 
ambient and discharge water temperatures were lower in 1976 than in 
1975. 
Just as the total phytoplankton population density followed 
a seasonal pattern that paralleled water temperature, its community 
structure varied more or less seasonallyin conjunction with salinity 
changes. An example of this relationship appears in Fig. 6 which 
shows the sE~asonal distributions of Skeletonema costatum and 
salinity. The salinity curves show the maximum salinity, usually 
measured at DWS or the intake, and the minimum salinity, usually 
measure at ..JI, in the study area. Skeletonema costatum counts were 
plotted separately for stations upstr•~am and downstream from Hog 
Point when population densities in the two areas were significantly 
different ( .~ 05 level). Skeletonema tended to be uniformly distributed 
in study area or more abundant upst:rea.m when the minimum salinity 
was greater than 1 o/oo.. At minimum salinities below 1 o/oo 
Skeletonema was either absent from the study area or was more 
abundant do~,-1nstream. 
Zooplankton Seasonal Distributions Of the holoplankton species 
found in the study area, Bosmina sp. had a seasonal distribution 
that showed the clearest negative r1elationship to salinity (Figs. 7 
and 8). Rotifers appeared to vary inversely with salinity during 
most of the two year period shown in Fig. 9o However, in the late 
summer of 1976 the relationship was reversed, suggesting that 
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estuarine species had replaced freshwater species during this 
period. Copepod nauplii, Eurytemora sp., and Acartia sp. had 
distributions that followed the seasonal temperature pattern more 
closely than the salinity pattern (Figs. 10-13). 
Meroplankton was most abundant in the summer in each of the 
two years. The seasonal distribution of barnacle nauplii (Fig. 14) 
followed the temperature pattern closely, while for pelecypod larvae 
(Fig. 15), gastropod larvae (Fig. 16), and polychaete larvae (Fig. 17) 
fluctuations in abundance followed the salinity curve more closely. 
Polychaete larvae had a winter peak in 1975 and a late fall peak in 
1976 that were not exhibited by the other groups. 
Phytoplankton-Inshore Stations - In the 1975 study (Jordan 
et al., 1976) it was found that samples from the shallow inshore 
stations often yielded higher phytoplankton counts than did samples from 
the offshore river stations. This pattern was exhibited in 1976 as 
well, especially at station CBE on the upstream side of the discharge 
canal. This station was significantly higher than most or all of 
the other stations in cell counts for cryptophytes in April, May, 
June, August, September, October, and December, and for microflagellates 
in March, April, and May. In the 1975 study it was concluded from a 
comparison of the inshore stations within the plume with a similar 
nonplume station that elevated population densities, such as those 
observed at CBE, were due to factors other than the influence of the 
power plant plume. Confirmation of this conclusion was provided by 
the December 1976 data which showed significantly higher counts 
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at CBE, relative to all other stations, for the Bp Chroomonas sp. 
in a period when neither power plant unit was operating. 
Zooplankton-Exceptic:,nal Stations - Stations on the upstream 
side of Hog Point accounted for most of the statistically significant 
population maxima observed during 1976. These stations included 
HPW3, HPW2, HPWl, JI, and CBC. June wa.:s the only month in which 
the downstre.am stations, DWS, intake, and HPS yielded the highest 
population densities of all the major zooplankton groups present. 
Phytoplankton Plant.Entrainment Patterns - In every sampling 
run during 1976 at least one phytoplankton species 6{hibited a spatial 
distribution on the upstrE~am side of Hog Point that was modified in 
some way by the power plant cooling v;rater discharge. Several of the 
species that were affected were benthic pennate diatoms that were 
apparently swept from the river bottom near the intake, and were 
subsequently transported through the! canal system and ejected into 
the plume. This pattern ~:~as observedl in March (Nitzschia vermicularis), 
April (Nitzsc:hia vermiculc!:tris and Nitzf:~~hia longissima), May (Gyrosigma 
distortum), ·.June (Gyrosig!:na distortun~), July (Pleurosigma delicatulum), 
September (Qlrrosigma beau.fortianum -· Fi.g. 18), and October (Pleurosigma 
delicatulum and Gyrosigma beaufortianunQ_. In five of the nine cases 
of pennate diatom transport there was a significant reduction in pop-
ulation density between the river intake station and the station at 
the downstream end of the intake canal, suggesting that the organisms 
may have been settling out in the intake~ canal. In one case, Gyrosigma 
beaufortianum in September, a reduction occurred between the discharge 
canal station and the canal mouth. In the remaining three cases popu-
lation densities did not differ significantly among the intake, discharge, 
and canal stations. 
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Plankton estuarine centric diat:oms,such as Skeletonema 
costatum, we~re also transported through the canal system. In 
January and February, when salinities in the study area were 
generally be~ low 2 o/ oo, ~~Sk•~letonema was abundant on the intake 
side of Hog Point and was transported through the power plant 
canals to the discharge side. In January only one generating unit 
was operating, and elevated population densities were observed only 
at the discharge canal rr~uth. In February, when both units were 
operating, populations of Skeletonema were increased at the three 
plume stations, HPWl, C:BE, and HPS, as well (Fig. 19). 
In the period March through June 1976 Skeletonema was rare 
in the study area. In July and August:, when it was once again 
abundant, salinities wer~e above 2 o/oo, and populations were highest 
upstream from Hog Point. In these two months the cooling water 
discharged by the power plant was relatively poor in Skeletonema, 
resulting in reduced population densities in the vicinity of the 
discharge (Fig. 20). In none of the sampling runs in 1976 was there 
a significant loss of Skeltetonema from the cooling water as it passed 
from the int:ake to the discharge. This was in contrast to 1975, 
when losses were observed in July, August, and Septerr1ber (Jordan 
et al., 197~~). 
Planktonic cryptophyte flagellates were the third phytoplankton 
group that exhibited plant entrainment effects. In four sampling 
runs in 1976 population densities o:E the ~ Chroomonas sp. were 
significantly reduced between the intake and the discharge stations. 
In April, July, and August the reduction apparently occurred within 
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the intake canal, while in June it seems to have occurred in the 
discharge canal (Fig. 21). The overall removal pattern for this 
species agrees with the results of the 1975 phytoplankton study (Jordan 
et al, 1976), which showed significant losses of cryptophytes from 
the power plant cooling water in the period May through September. 
In the 1976 study the June pattern suggests that the entrainment loss 
of the Bf Chroomonas sp. may have been due to exposure to the elevated 
temperature in the discharge canal. In the other months a mechanical 
removal mechanism in the intake canal was probably responsible. 
In 1976 the overall impact of the entrainment effects of the 
Surry Power Station on the phytoplankton community on the upstream 
side of Hog Point was probably negligible. Reduced population densities 
of cryptophytes were restricted to the immediate vicinity of the 
discharge canal mouth. Planktonic diatoms such as Skeletonema 
costatum were apparently transported through the power plant canal system 
with little change in population density. The cooling water either 
augmented or diluted the Skeletonema populations on the discharge 
side, depending on the distribution of these organisms in the river at 
this time. The transport of benthic diatoms resulted in a net contribu-
tion of organisms to the community on the discharge side, regardless of 
the loss of a certain proportion of fue entrained population in the 
canal system. 
Zooplankton Plant Entrainment Patterns - The power plant 
cooling water discharge affected the zooplankton community on the 
upstream side of Hog Point mainly by introducing water with a different 
plankton composition. When a major zooplankton group was less 
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abundant on the downstream side of the point, the cooling water 
had a diluting effect on the upstream population (Fig. 22). The 
cooling water frequently had an enriching effect on the upstream 
community, but this usually involved meroplankton such as barnacle 
nauplii produced in the power plant canals (Fig. 23). 
In five months in 1976 there was at least one zooplankton group 
that showed a significant reduction in population density in the cooling 
water between the intake and the discharge canal mouth. In January 
Eurytemora sp. exhibited this reduction. However, its abundance at 
the intake was greater than at most -of the other stations, and its 
reduced density at the discharge canal mouth was insignificantly lower 
than the densities at the other stations on the upstream side of Hog 
Point. Copepod nauplii were affected in February, June, and August. 
The greatest population reduction occurred in June, when the intake 
was more abundant than all other stations in the four major species 
groups. Rotifers were present in small numbers in the intake 
samples but were absent from the discharge samples in October. However, 
the population density of this group at the plume station, HPWl, was 
insignificantly different from the density at the intake. For the 
zooplankton community, as for the phytoplankton, it can be concluded 
that the damage due to plant entrainment is restricted to the vicinity 
of the discharge canal mouth, and is of little overall biological 
significance to the study area as a whole. 
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Results - Benthos Study 
The hydrographic data obtained during the 1976 benthos sampling 
runs are presented in Appendix Table A2. The biological data for 
each sampling run are in Appendix C, Tables Cl-C6 (species counts) 
and C7-Cl3 (diversity indices). 
1976 Distribution Patterns 
The 1976 data for the major members of the benthic connnunity 
are summarized in Table 28 on a speciE~s by species basis. Rangia 
cuneata was the dominant species on all sampling dates. Its spatial 
distribution exhibits a preference for the silty clay rather than 
the sandy substrate in the study area. No response to the power 
plant plume and no seasonal cycle of abundance are evident in the 
1976 data. The other species collected were rare in comparison 
to Rangia cuneata, and the only species with a distribution suggesting 
a power plant effect was Congeria leu<~~phaeta, which was most abundant 
at plume stations 8 and 11. 
Benthos Spatial Patterns, 1969-1976 
The conclusion of the 1976 study marked the end of eight years 
of monitoring of the benthic connnun:lty in the vicinity of the Surry 
Power Station. The first four years constituted a preoperational 
study, and the last four years have covered the operational period 
of the power plant. It is appropriate at this time to attempt to 
sunnnarize the results of the eight years of study, at least for the 
major species that have been encountered. 
Table 28 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
A. Rangia cuneata (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 4 1 6 6 8 
Apr. 7 4 1 4 1 3 
June 9 8 1 3 7 2 
July 20 4 3 7 2 2 
Aug. 17 3 2 5 3 1 
Oct. 29 1 5 1 1 2 ·4 
24 11 10 27 15 18 
B. Congeria leucophaeta (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 2 1 
Apr. 7 
June 9 
July 20 
Aug. 17 
Oct. 29 
0 0 2 1 0 0 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
8 36 3 7 13 6 26 
14 13 1 17 16 6 17 
20 13 13 17 11 3 6 
14 10 1 20 12 10 11 
13 24 21 1 15 13 6 
12 80 5 4 19 11 22 
81 176 44 66 86 49 88 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
2 9 32 
1 8 
1 2 10 
2 1 
2 13 1 3 1 
1 1 
0 2 14 3 1 25 45 
Silty 
Sand 
5 
3 
3 
9 
11 
3 
29 
Silty 
Sand 
5 
1 
1 
1 
3 
Dredge 
Spoils 
10 
1 
2 
1 
4 
Dredge 
Spoils 
10 
1 
1 
2 
Coarse 
Sand 
12 
4 
4 
Coarse 
Sand 
12 
1 
1 
128 
100 
104 
109 
120 
171 
732 
I 
....... 
(X) 
47 
9 
15 
5 
21 
2 
99 
Table 28 (cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
c. Corbicula manilensis (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine Sand Silty Clay Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 
Jan. 12 1 1 
Apr. 7 1 1 
June 9 1 1 4 6 
July 20 1 1 1 3 
Aug. 17 
I 
2 2 
Oct. 29 1 1 1 3 
0 1 0 1 1 0 2 0 0 0 1 0 1 0 0 9 16 
I 
D. !!Y_drob_i~ sp. (No. per 0.1 m2) ...... \.0 
I 
Substrates and Station Numbers 
Fine Sand Silty Clay Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 
Jan. 12 3 1 2 1 1 1 7 3 2 1 22 
Apr. 7 1 1 1 2 5 
June 9 2 1 1 4 
July 20 4 2 1 2 10 4 2 2 1 1 29 
Aug. 17 3 38 1 1 1 2 46 
Oct. 29 1 19 22 2 1 45 
10 5 2 3 1 1 3 23 77 8 7 4 1 3 1 2 151 
Table 28 (cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
E. Scolecolepides viridis (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 2 1 
Apr. 7 1 2 
June 9 8 1 
July 20 
Aug. 17 
Oct. 29 
1 0 9 2 3 1 
F. Nereis succinea (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 4 
Apr. 7 2 1 
June 9 1 
July 20 1 1 
Aug. 17 1 
Oct. 29 1 4 1 
0 1 6 2 3 6 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
1 1 
1 4 4 
1 1 8 
1 2 
4 1 
0 6 1 6 1 1 14 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
1 
3 3 5 
0 0 4 0 0 3 5 
Silty 
Sand 
5 
10 
8 
1 
19 
Silty 
Sand 
5 
0 
Dredge Coarse 
Spoils Sand 
10 
1 
5 
1 
1 
8 
Dredge 
Spoils 
10 
0 
12 
3 
3 
Coarse 
Sand 
12 
0 
7 
27 
28 
6 
0 
7 
75 
5 
3 
2 
2 
1 
17 
30 
I 
CX> 
0 
I 
Table 28 (cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
G. Oligochaetes (No. per 0.1 m2) 
Date 
Jan. 12 
Apr. 7 
June 9 
July 20 
Aug. 17 
Oct. 29 
H. Garnmarus 
Date 
Jan. 12 
Apr. 7 
June 9 
July 20 
Aug. 17 
Oct. 29 
Fine Sand 
Control Plume 
1 
2 
2 
CT\ 
...... t'. 
3 
3 
1 
4 
15 
0 
7 
1 
2 
6 
9 
9 
0 
{"ti.Tn nor () 1 TTl2 '\ 
,~,......,. t''-.... "' • ..L. .LU. / 
Fine Sand 
Control Plume 
1 3 15 7 9 
1 
3 
0 0 4 0 0 
13 
0 
13 
2 
2 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
2 1 1 2 
1 
1 
1 2 1 1 1 2 0 
('1 __ , ___ .&...---.&...-- __ _j f""'.L._.L.~-- ~'T 1 ____ _ 
o:lUiJOL!.d.Lt~ d.!.lU ~Ld.L..LUll l~Ulll!Jt!!.-!:i 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
9 
1 
1 5 
0 0 0 0 0 1 15 
Silty 
Sand 
5 
2 
2 
Silty 
Sand 
5 
2 
2 
Dredge 
Spoils 
10 
2 
2 
Coarse 
Sand 
12 
4 
4 
Dredge Coarse 
Spoils Sand 
10 12 
1 
0 1 
11 
6 
6 
4 
0 
4 
31 
14 
2 
9 
0 
0 
0 
25 
I 
00 
~ 
I 
Table 28 (cent.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
I. Corophium lacustre (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 6 
Apr. 7 1 
June 9 1 18 3 16 
July 20 4 1 
Aug. 17 
Oct. 29 
2 0 22 1 9 17 
J. Lepidactylus dytiscus (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 6 
Apr. 7 5 
June 9 2 2 
July 20 7 
Aug. 17 1 
Oct. 29 1 4 
0 8 0 1 19 0 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
1 1 1 17 
15 
1 1 
13 
1 15 1 1 0 1 31 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
3 
0 0 0 0 0 3 0 
Silty 
Sand 
5 
0 
Silty 
Sand 
5 
0 
Dredge 
Spoils 
10 
0 
Dredge 
Spoils 
10 
0 
Coarse 
Sand 
12 
8 
1 
13 
22 
Coarse 
Sand 
12 
8 
5 
13 
15 
1 
59 
33 
2 
13 
123 
14 
8 
4 
7 
1 
10 
44 
I 
00 
N 
I 
Table 28 (cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
K. Leptocheirus :elumulosus (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine Sand Silty Clay Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 
Jan. 12 1 2 5 8 
Apr. 7 1 1 2 
June 9 4 5 9 
July 20 3 1 4 
Aug. 17 1 1 
Oct. 29 5 1 1 1 1 1 10 
0 0 13 0 1 5 3 2 1 6 1 1 1 0 0 0 34 I 
CX> 
Dipteran larvae (No. 0.1 m2) l.0 L. per I 
Substrates and Station Numbers 
Fine Sand Silty Clay Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 
Jan. 12 1 1 1 1 4 
Apr. 7 1 1 1 3 
June 9 1 2 1 1 1 1 7 
July 20 1 2 1 4 8 
Aug. 17 1 1 
Oct. 29 1 1 1 3 
1 2 2 2 2 2 1 4 1 0 1 1 1 1 1 4 26 
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Variance analyses have been performed to test for significant 
differences in population densities among the sampling stations, and 
thereby to detect power plant effects on the spatial distributions 
of the major species. The log (x+ 1) transform was applied to the 
data prior to analysis in order to reduce the heterogeneity of the 
within-station variances. For most of the species the range of the 
variances in the transformed data was several orders of magnitude 
smaller than the range in the untransformed data. However, in most 
cases the within-station standard deviations were proportional to the 
means both before and after transfdrmation. The consequence of this 
is that the probability levels associated with the significant differ-
ence tests are not exactly those stated in the statistical tables, 
although they are probably not far off (Li 1964). 
It was found by testing the data according to Taylor's power 
law (Elliot 1971) that the relationship between the means and the 
standard deviations could have been reduced or eliminated by applying 
a square root transformation to the log transformed data. However, 
in most cases the log transformed values were less than one, while 
the square root transform is considered to be overly severe for values 
less than ten (Li 1964). Therefore, it was decided to retain a certain 
degree of uncertainty in the significant difference tests rather than 
to perform a second, questionable transformation. In the following 
discussion each figure caption indicates whether or not this uncer-
tainty applies to the species distribution presented. 
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Rangia cuneata - The preoperational and postoperational 
distributions of this species appear in Fig. 24. Station numbers 
(plume station numbers within the bars, control station numbers above 
the bars) and substrate types (S=sand; C=silty clay; SC•silt, sand, 
and clay; D=dredge spoils) are indicated. The horizontal lines connect 
stations that are not significantly different at the .OS level. 
The preference of this species for the silty-clay substrate 
is evident in both graphs. The population means at the plume stations 
were well within the range of means for the control stations in 
each period. Considering only the plm~ stations, two shifts occurred 
in the postoperational period. The population density at station 13, 
which was insignificantly different from the density at station 11 in 
the preoperational 13eriod:, became significantly lower than the density 
at 11. Likewise, stations 8 and 9 which were insignificantly different 
in the preoperational period were significantly different in the 
postoperational period. The apparent decline at station 13 was not 
significant at the . OS level (Table 29) :• and probably was not related 
to the power plant discharge plume. This station is the farthest plume 
station from the discharge, and is a1.compassed by the plume less 
frequently than are the other stations, where no decline was detected. 
Among the nonplurne stations declines occurred at stations 12, 
14, and 1, and an increase occurred at station 16 (Table 29). 
Congeria leucophaet? - During the period 1974-76 this species was 
significantly more abundant at silty clay plume stations 8 and 11 than 
at the other stations in the study area (Fig. 2S). It was also 
absent from sandy plume station 9. Unfortunately, interpretation of 
N 
E 
0 
1.6 -
1.4 -
1.2-
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Figure 24. Preoperational and postoperational spatial 
distributions of Rangia cuneata in the study 
area. (Means not sharing an underline are 
significantly different at rv. <.OS). 
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Tah1e 29 
Rang!_~ cuneata: Differences Within Stations Among Years 
69E 71£ 
Sta. 1 Year 76 75 74 73 71 72 
~a 
.6591 .7706 1.116 1.163 1.221 1.566 
--------
--·----------------~---------
69- 71-
Sta. 12 Year 76 75 73 74 71 72 
X .1165 .2386 .4098 .4685 .7688 .8333 
-----
69- 71-
Sta. 13 Year 76 74 75 71 73 72 
X .50.56 .5910 . 6702 .7800 .8581 1.053 
------------
71- 69-
Sta. 14 Year 74 76 75 73 72 71 
X .7336 .7451 .9228 1.025 1.461 1.610 
- ----------
------
71- 69-
Sta. 16 Year 72 71 73 76 75 74 
X .2978 .5391 .6965 .9559 1.188 1.263 
---------------
a Means of 6 sampling runs~ expressed as log (No. +1)/0.1 m2 
b Six snmpling runs, conducted in period spring 1969 - summer 1971 
c Six sampling runs, conducted in period fall 1971 - fall 1972 
SCALE: I NAUT. MI. 
8/0.1 m2 
e 3/0.1 m2 
e .25/0.1 m2 
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Conger/a /eucophoeto 
1974-76 
• 
FLOOD 
• t 
EBB 
Figure 25. Spatial distribution of Congeria leucophaeta in the 
study area, 1974-76. 
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its distribution in relation to the the1~al plume is complicated 
by the fact that Congeria was not colleeted in the 1973 study, and 
was rarely encountered in the samples taken in the preoperational 
study in 1969-72. In this period it was found in more sampling 
runs at station 11 than at any other station, so its occurrence 
in the plume area was not restricted to the postoperational period. 
However, no Congeria were collected at station 8 prior to 1974. 
Corbicula manilensis - This species was not collected at any 
station in the study area prior to 197~~. Since then it has appeared 
at least once at every station, and has been most numerous at 
station 12 (Fig. 26). 
Hydrobia ~· - This gastropod speeies has been collected in the 
study area only since May 1974, and it achieved its maximum abundance 
in July of 1974 and 1975. As shown in Fig. 27 for the period 1974-76 
as a whole, .Hydrobia was significantly less abundant at two silty clay 
plume stations, 8 and 11, than at silty clay control station 14. 
Scolecolepides viridis - This speeies of polychaete was collected 
in greater numbers during the preoperational period than during the 
postoperational period in the study area as a whole (Fig. 28). In 
both periods the spring samples usually yielded the greatest numbers, 
and station 5 tended to have higher population densities than the other 
stations. Of the control stations, station 12 exhibited the greatest 
reduction in numbers bet~reen the two periods. The decline at this 
station was sudden, and was detected immediately following Tropical 
Storm Agnes in June 1972. Relative to their positions in the 
distribution of Scolecolepides abundance in the preoperational study, 
SCALE: I NAUT. MI. 
4/0.1 m2 
e 0.2/0.1 m2 
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Corbicu/o monilensis 
1974-76 
• 
FLOOD 
• ' EBB 
Figure 26. Spatial distribution of Corbicula manilensis 
in the study area, 1974-76. 
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Figure 27. Spatial distribution of Hydrobia sp. in the 
study area, 1974-76. (Means not sharing an 
underline are significantly different at 
rx .OS). 
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Figure 28. Preoperational and postoperational spatial 
distributions of Scolecolepides viridis in 
the study area. (Means not sharing an 
underline are significantly different at 
'1 ( • 05). 
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three of the plume stations, (13, 7, a.nd 4) showed declines and the 
other three (8, 9, and 11) showed increases in the postoperational 
period (Fig. 29). This observation, along with the general lack of 
statistically significant difference:s among the control and plume 
stations in the postoperational perjnd, indicates that this species 
has not been affected by the power plant plume. 
Nereis succinea - This polychaete was collected consistently 
only in the years 1974-76. Its spatial distribution (Fig. 29) has 
shown a preference for the sandy substrate, but no indication of 
a response to the power plant discharge plume. 
Gammarus ~ - This amphipod "ras more abundant during the 
preoperational study (Fig. 30), and was not present in the samples 
collected during the second half of 1976 (Table 28). Analysis of its 
spatial distribution has not detected a consistent substrate prefer-
ence. In the postoperational period, among the stations with a 
silty clay substrate, the three plume stations had the highest 
population densities. However, only one of these was significantly 
higher in Ga.mmarus abundance than the control stations, so there is 
insufficient justification for concluding that this organism responded 
positively to the power plant plume. 
Corophium lacustre - This amphipod species was collected infre-
quently during the preoperational study, and was especially rare in 
1972 when only twelve individuals were obtained over five complete 
sampling runs. In the postoperational study it was more abundant in 
the study area as a whole, and its mean population density at plume 
station 11 was significantly higher than at all the control stations 
-94-
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distributions nf Garnmarus sp. in the study 
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Figure 31. Spatial distribution of Corophium lacustre 
in the study area, 1973-76. Q~eans not 
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with a similar substrate type (Fig. 31). The other plume stations 
were insignificantly different from the control stations, indicating 
a lack of response by this species to the power plant. 
Lepidactylus dytiscus - This amphipod was collected more fre-
quently during the postoperational period than during the preopera-
tional period. During the postoperational period its abundance was 
greatest at stations 3, 7, 9, and 12 (Fig. 32), all of which have 
sandy substrates and are located near the mouths of creeks. This 
species has exhibited no apparent response to the power plant plume. 
Leptocheirus plumulosus - This species of amphipod was rarely 
collected prior to 1974. In the period 1974-1976 it was collected 
in greatest numbers at the stations on the downstream side of Hog 
Point (Fig. 33), suggesting that salinities in the study area are near 
the lower tolerance limit for this species. In 1974 the silty-clay 
stations with the lowest Leptocheirus population densities were the 
plume stations 4, 8, and 11. In 1975 stations 8 and 11 had the lowest 
densities for the silty clay stations, and plume stations 7 and 9 had 
lower densities than all except one of the sandy control stations. 
These patterns suggested that Leptochei~~us was avoiding the plume 
area. In 1976, however, this species was collected in reduced numbers 
throughout the study area, and no pattern suggesting a plume effect 
was exhibited. 
Dipteran larvae - These organisms have been collected consistently 
only since 1973. In the period 1973-1976 they were more abundant 
at the stations on the upstream side of Hog Point than on the down-
stream side (Fig. 34). Only one individual was found at station 16 
SCALE: I NAUT. MI. 
2.2 /0.1 m 2 
e 0.8/0.Im2 
e 0.08/0.1 m2 
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Figure 32. Spatial distribution of Lepidactylus dytiscus 
in the study area, 1973-76. 
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Figure 34. Spatial distribution of dipteran larvae in the 
study area, 1973-76. (Means not sharing an 
underline are significantly different at a<.OS). 
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during the entire four year period. Population densities at the 
plume stations were insignificantly different from densities at the 
control stationso 
Oligochaetes - This group was collected in consistently large 
numbers only in 1974 and 1975, during the postoperational period. 
During these two years the lowest population densities were observed 
at the downstream-most stations, 15 and 16, and at the plume stations 
7, 8, 9, 11, and 13 (Fig. 35), suggesting that the salinity conditions 
at the downstream stations and in the plume were less favorable than 
conditions elsewhere in the study area. The largest numbers were 
collected at stations with silty clay substrates. 
Diversity and Richness - Species diversity and species richness 
were calculated for each sampling station using the following formulas 
(Margalef 1958; Pielou 1966): 
"s_. __ 
Diversity=H' = {:i (~i ) log2 (~) 
Richness=d= S -1 
- lnN 
where 
S=number of species, 
N=number of individuals, 
Ni=number of individuals of the :l.th species. 
Because very few species and individuals were usually collected at a 
station during a single sampling run it was felt that more meaningful 
diversity and richness values would be obtained by performing each 
calculation on the raw species data from six sampling runs combined. 
For thepostoperationalperiod (1973-76) each group of six sampling 
runs corresponded to a sampling yea:r. In the preoperational period 
(1969-72) there were only twelve complete sampling runs and these 
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Figure 35. Spatial distribution of oligochaetes in the study 
area, 1974-75. (Means not sharing an underline 
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were grouped into a Preop 1 set of six (spring 1969 - summer 1971) 
and a Preop 2 set of six (fall 1971 - fall 1972). The results of 
the calculations appear in Fig. 36. 
Most of the values of both diversity and richness are within 
the range 1.0 - 2.7. These values are similar to those obtained 
by Boesch (1971) for the oligohaline zone of the York-Pamunkey 
estuary system, a tributary of the Chesapeake Bay north of the 
James River. Index values in this range are low relative to his 
results for the polyhaline zone of the York River, where diversity 
was usually between 3 and 4 bits per individual and richness regularly 
exceeded values of 2, and occasionally exceeded 4. The relatively 
low diversity and richness values in the oligohaline Pamunkey River 
were attributed to relatively low environmental stability in this 
zone. For instance, it was pointed out that salintty had been observed 
to change as much as 5 o/oo during a tidal cycle in the oligohaline 
zone, while changes in the polyhaline estuary were usually less than 
3 o/oo. 
An analysis of variance was performed to detect significant 
differences in diversity and richness among stations. The analysis 
was performed for the study period as a whole (Fig. 37) and for 
the postoperational period only (Fig. 38). The means for stations 
sharing an underline are insignificantly different at the .OS level. 
In all four of the histrograms shown in these figures the group of 
stations with the relatively low values includes stations 1, 2, 14, 
and 16, most of which have silty clay substrates. Of these low 
stations only station 4 is influenced by the plume. The other stations 
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Figure 36 (cont.) 
4 4 
3 (/) 3 
rn 
(/) 
w 
H' 2 z 2 STA. 
:I: 13 
u 
£rl 
0 0 PREIPRE2 73 74 7~ 76 PRE I PRE 2 73 74 7~ 76 
4 4 
3 (/) 3 
(/) 
w 
H' 2 [b z STA. :I: 2 u a::, 
0 0 
PRE I PRE 2 73 74 75 76 PREIPRE2 73 74 75 76 
4 
:J 3 
(/) 
(/) 
Ib w H' 2 z STA. :I: H I 6 ~ j I I a:: 0 
PRE I PRE2 73 74 75 76 PRE I PRE2 73 74 75 76 
4 4 
3 (/) 3 
Ib (/) w STA. H' 2 z 2· I 14 u £ri 0 0 
PRE I PRE2 73 74 7~ 76 PRE I PRE2 73 74 7~ 76 
4 4 
:5 (/) 3 
(/) 
w STA. H' 2 
rn 
z 2 
:I: 16 
~ 
£rl 
0 0 
PRE I PRE 2 73 74 75 76 PRE I PRE2 73 74 75 76 
4 
H' I 
O PRE I P"E 2 73 74 1& 71 
4 
-
-
,_____ 
0 
PRE I PU 2 7! 74 75 71 
4 
0._--~--~--~--~--~--~ 
PRE I PRE 2 73 74 7S 71 
4 
H' 2 
O ''"I PRE2 73 
4 
74 71 
O ... t( I PRE 2 73 74 1& 71 
-106-
Figure 36 (cont.) 
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exhibited intermediate or relatively high diversity and richness values 
during the entire study period and the postoperational period as well. 
Differences among the groups of six sampling runs for all stations 
combined were also tested for significance. As shown in Fig. 39, 
diversity within the study area as a 'Whole was significantly lower during 
the Preop 2 period (fall 1971 - fall 1972) than during the other study 
periods. Tropical Storm Agnes resulted in a massive inflow of fresh-
water runoff during the summer of 1972, and this diversity reduction 
is an indication of the impact of the runoff on the benthic corrnnunity 
of the oligohaline section of the James River. The accompanying 
depression in species richness continued into 1973 (Fig. 39). Diversity 
and richness values calculated for 1974, 75, and 76 were insignificantly 
different from the values calculated for the Preop 1 period .. 
Benthos Temporal Patterns, 1969-1976 
Most of the species that have been collected in the Surry 
benthos study have belonged to the list of "estuarine endemic" 
macrobenthos (Table 30) compiled by Boesch (1971). Species under 
this classification are characteristic of meso-and oligohaline zones 
of the Chesapeake Bay estuarine system, and are therefore adapted 
to conditions that prevail in these zones. Nonetheless, distinct 
temporal changes in abundance have bE~en observed for a number of the 
macroinvertebrate species collected in the oligohaline James River 
during the eight year study period. Very few organisms were usually 
collected at any one station during a sampling run. Therefore, the 
temporal changes can be best illustrated by plotting total numbers 
of individuals collected within the study area as a whole, rather than 
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Table 30 
Ecological Classification of Benthic Macroinvertebrates 
Found in the Oligoha1ine James River* 
Estuarine Endemic 
Scolecolepides viridis 
Laeonereis culveri 
Oligochaeta 
Hydrobia sp. 
Rangia cuneata 
Macoma balthica 
Macoma mitchel1i 
Cyathura polita 
Chiridotea a~~~ 
Gammarus spp. 
Leptocheirus plu~ulosu~ 
Corophium lacustre 
Other 
Nereis succinea (euryhaline) 
Dipteran larvae (freshwater to o1igohaline) 
Corbicula mani1ensis (freshwater to 
-----;-iigoha line-)---
Brachidontes recurvus (meso- to euhaline) 
~)lyl~?ra -~igni (oligo- to euhaline) 
E<~~~~ triloba (euryhaline) 
Mc~~~~lode~ edwardsi (euryhaline) 
*From Boesch (1971), Wass, et al. (1972) 
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the numbers collected at a given station or average numbers collected 
per station. The use of totals rather than means precludes statistical 
testing for significant differences between sampling runs, but most 
of the changes observed were sufficiently dramatic that statistical 
proof is unnecessary. 
The Tropical Storm Agnes effect detected above in terms of 
div~rstty and richness was also visible in the temporal distribution 
patterns of several individual species. Figure 40 shows a temporary 
reduction in the abundance of Corophium lacustre in the study area 
in 1972, and a more protracted reduction in Macoma mitchelli, in 
conjunction with the appearance of Macoma balthica, in 1972 and 1973. 
Other temporal changes that occurred during the study period but 
that did not exhibit obvious relationships to Agnes are shown in 
Fig. 41. Laeonereis culveri,. Scolecolepides viridis (polychaetes) 
Tubulanus pellucidus (Rhynchocoela), Cyathur~ polita (isopod), and 
Gammarus sp. (amphipod) were much more abundant during the preopera-
tional period than during the postoperational period. During the 
preoperational study strong positive relationships were observed 
between the abundances of Gammarus sp. and Laeonereis culveri, and 
the salinity in the study area (Cain et al. 1972). The largest 
numbers of these organisms were collected in the fall of 1970, which 
was a high salinity period in the study area. As Figure 42 shows there 
have been no comparable periods of consistently high salinities in 
the subsequent study years, through 1976. Thus the reduced population 
densities of these two species, and of the other three species in 
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Figure 40. Temporal distributions of three benthic 
macroinvertebrate species showing responses 
to Tropical Storm Agnes (June 1972). 
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Fig. 41, in the postoperational study period have probably resulted 
from the general reduction in the annual maximum salinities that 
prevailed during this time. Tubulanus pellucidus is listed 
as a polyhaline species in Wass et al. (1972), and was not found 
in the oligohaline Pamunkey River by Boesch (1971), so it was most 
certainly excluded by the reduced salinities in the oligohaline 
James River. 
Three species that were more abundant during the postoperational 
than during the preoperational study are Congeria leucophaeta, 
Leptocheirus plumulosus, and Nereis succinea (Fig. 43). Hydrobia sp. 
ahd Corbicula manilensis have been collected only during the postopera-
tional period. These five species began appearing consistently in the 
benthos samples in 1974, following, perhaps coincidentally, an 
unusually mild winter (Fig. 44). 
These examples of temporal distribution patterns for individual 
species illustrate the fact that although the community parameters 
of diversity and richness have remained constant for the benthos 
community in the study area, except for the Tropical Storm Agnes 
period, the composition of the community has changed during the 
study period. It is true that the changes observed have involved 
minor species, and that the population of the dominant, Rangia 
cuneata, has remained relatively constant during the study period 
(Fig. 45). However, the apparent constancy has been due to the fact 
that during this period environmental conditions in the study area 
have been relatively favorable for Rangia. This species has only 
been present in the James River for approximately fifteen years 
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(Peddicord 1973), and had the study been conducted in the early 
1960's it would have documented the establishment of the Rangia 
population in the study area. The samples taken thus far in 1977 
have indicated that the Rangia population suffered a high mortality 
during the severe winter of 1976-77, and is now at the lowest level 
in the study area since sampling was begun in 1969 (Fig. 45). Thus 
if the present study is continued it will detect the short - and the 
long-term effects of this winter kill, and may document a period 
of instability in the Rangia population. 
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Results - Fouling Organis~s Study 
1976 Results 
The 1976 fouling organism data are presented in Tables 
31-33. Hydroids were collected at all stations on every sampling 
date. Barnacles and Corophium lacust:rE~ were present on the 
plates collected from April through October. Ectoprocts appeared 
as early in the year as February at station DWS and as early as 
April at stat: ion CBS, but were not observed at station CBN until 
October. 
Major Temporal Pattern~ 1971-1976 
The fouling organism study was begun in 1971. Figures 46 
and 48 present the temporal distribution patterns of the two 
dominant organisms collected on the fouling plates, barnacles of 
the genus Balanus and amphipods of the species Corophium lacustre. 
The barnacles exhibited similar temporal patterns at all three 
stations. In 1972, the year of Tropical Storm Agnes, barnacles 
were not present on the plates collected after August. In contrast, 
in 1973 they were on all plates collected after April. Conditions 
were evidently suitable for barnacle reproduction throughout the 
winter of 1973-1974, when, as mentioned above, James River water 
temperatures remained relatively high (Fig. 44). Water temperatures 
measured at a monitoring station in the York River, a tributary of 
Chesapeake Bay a few miles north of the James River, indicated that 
the period December 1973 through March 1974 was unusually warm 
relative to comparable time intervals in the preceding twenty 
years (Jordan et ~1. 1975). Barnacle reproduction 
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Table 31 
Fouling Organisms 
1976 
Station DWS 
No. Organisms/dm2 
Horizontal Plate Jan-Feb Mar-Apr May-Jun Annual 
Barnacles Balanus sp. 57 1457 581 
Bivalves Brachidontes recurvus 
Congeria leucophaeta 15 
Amp hi pods Corophium lacustre 77 211 
Gammarus sp. 
Polychaetes Nereis succinea 1 
Scolecolepides viridis 
Flatworms Stylochus ellipticus 
Crabs RhithroEanoEeus harrisii 
Ectoprocts Bowerbankia sp. 
Membranipora tenuis X X X X 
Hydro ids X X X 
Dipteran Larvae 1 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 1 2 3 5 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 0 57 1534 809 
Vertical Plate 
Barnacles Balanus sp. 20 2237 203 
Bivalves Brachidontes recurvus 2 
Congeria leucophaeta 1 4 
Amp hi pods Corophium lacustre 6 48 257 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms Stylochus ellipticus 
Crabs RhithroEanoEeus harrisii 
Ectoprocts Bower6ank1a sp. 
Membranipora tenuis X X 
Hydro ids X X X 
Dipteran Larvae 1 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 0 2 4 5 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 0 26 2286 467 
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Table 31 (cont.) 
Fouling Organisms 
1976 
Station DWS 
No. Organisms/dm2 
Horizontal Plate _.:!_u ly_-=:_Aug Sep-Oct Nov-Dec 
Barnacles 
Bivalves 
Amp hi pods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydro ids 
Dipteran Larvae 
Balanus sp. 
Brachidontes recurvus 
------
Congeria leucophaeta 
Corophium l~custr~ 
Gammarus sp. 
Nereis succinea 
------
Scolecolepides vi~~~!~ 
Stylochus ~!lipt~:u~ 
Rhitgrop~<2peu~ ~~El:"_~_sii 
Bowerbankia sp. 
Membranipora_ te~uis 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 
VertLcal Plate 
Barnacles 
Bivalves 
Amp hi pods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydro ids 
Di ptL'ran Larv;Je 
Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Gammarus sp. 
Nereis succinea 
-----
Scolecolepides viridis 
Sty]~~hus ~llipticl~~ 
Rhi th_s_QJ;Lano_peu~ harris i i 
Bmverbankia sp. 
Memhranipo ra_ tenu is 
TotaL No. of CL'nera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 
43 
3 
119 
11 
1 
5 
177 
288 
2 
171 
31 
2 
X 
X 
6 
494 
195 
3 
X X 
2 0 
198 0 
164 
10 
2 
14 
1 
X 
X X 
5 1 
189 2 
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Table 32 
Fouling Organisms 
1976 
Station CBN 
No. Organisms/dm2 
Horizontal Plate 
Barnacles 
Bivalves 
Amphipods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydroids 
Dipteran Larvae 
Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Stylochus ellipticus 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora tenuis 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 
Vertical Plate· 
Barnacles 
Bivalves 
Amphipods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydroids 
Dipteran Larvae 
Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium lacustre 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Stylochus ellipticus 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora tenuis 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 
Jan-Feb Mar-Apr. 
0 
0 
1 
1 
1 
3 
4 
X 
1 
2 
8 
3 
8 
X 
1 
2 
12 
May-June 
305 
1 
309 
X 
4 
3 
619 
769 
2 
305 
1 
X 
29 
4 
1106 
Annual 
180 
122 
617 
X 
4 
3 
923 
200 
61 
826 
X 
8 
3 
1095 
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Table ;2 (Cont.) 
Fouling Organisms 
1976 
Station CBN 
Horizontal Plate 
No. Organisms/dm2 
July-Aug. Sept-Oct. 
Barnacles 
Bivalves 
Amphipods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydro ids 
Dipteran Larvae 
Balanus sp .. 
BrachidontE~~~ recurvus 
Congeria leucophaeta 
Corophium lacustre 
Gamrnarus sp .. 
Nereis suceinea 
-----Scolecolepides viridis 
Stylochus ellipticus 
Rhithropanopeus harrisii 
Bowerbanki<~ sp. 
Membranipora tenuis 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids 
Vertical Plate 
Barnacles 
Bivalves 
Amp hi pods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydroids 
Dipteran Larvae 
Balanus sp. 
Brachidontes ~~.~ 
Congeria leucophaeta 
Corophium Jacustre 
Gammarus sp. 
Nereis suceinea 
------Scolecolepides viridis 
Stylochus ~llipticus 
Rhithropanopeus harrisii 
Bowerbank1a sp. -
Membranipora tenuis 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids 
546 
3 
368 
4 
X 
4 
921 
452 
22 
685 
2 
X 
4 
1161 
311 
1 
9 
4 
X 
X 
5 
325 
544 
28 
1 
3 
X 
X 
5 
576 
Nov-Dec. 
X 
0 
0 
X 
0 
0 
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Table 33 
Fouling Organisms 
1976 
Station CBS 
No. Or8anisms/dm2 
Horizontal Plate Jan-Feb Mar-Apr May-Jun Annual 
Barnacles Balanus sp. 12 517 lost 
Bivalves Brachidontes recurvus 
Congeria leucophaeta 3 2 
Amphipods _Qgrophium lacustre 4 755 
Garnrnarus sp. 1 
Polychaetes Nereis succinea 
Scolecolepide~ viridis 
Flatworms Stylochus ellipticus 
Crabs RhithroEanoEeus harrisii 
Ectoprocts Bowerbankia sp. 
Membranipora tenuis X 
Hydro ids X X X 
Dipteran Larvae 2 2 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 1 4 3 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 1 21 1276 
Vertical Plate 
Barnacles Balanus sp. 3 244 38 
Bivalves Brachidontes recurvus 
Conge ria leuco:Qhaeta 2 3 49 
Amp hi pods Corophium lacustre 10 681 823 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms Stylochus ellipticus 
Crabs RhithroEanoEeus harrisii 
Ectoprocts Bowerbankia sp. 
Membranipora tenuis 
Hydro ids X X X 
Dipteran Larvae 14 2 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 0 3 3 3 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 0 15 942 912 
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Table 33 (Cont.) 
Fouling Organisms 
1976 
Station CBS 
No. Organisms/dm2 
Horizontal Plate July-August Sept-Oct. 
Barnacles 
Bivalves 
Amphipods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydroids 
Dipteran Larvae 
Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium la~ustre 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Stylochus ellipticus 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora tenuis 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 
Vertical Plate 
Barnacles 
Bivalves 
Amphipods 
Polychaetes 
Flatworms 
Crabs 
Ectoprocts 
Hydro ids 
Dipteran Larvae 
Balanus sp. 
Brachidontes recurvus 
Congeria leucophaeta 
Corophium ~s:_ustre 
Gammarus sp. 
Nereis succinea 
Scolecolepides viridis 
Stylochus ellipticus 
Rhithropanopeus harrisii 
Bowerbankia sp. 
Membranipora _tenuis 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 
157 
7 
803 
1 
3 
X 
X 
6 
971 
287 
8 
736 
3 
2 
X 
5 
1036 
461 
1 
71 
1 
6 
X 
X 
6 
540 
164 
64 
2 
X 
X 
4 
230 
Nov-Dec. 
0 
0 
X 
0 
0 
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is known to be reduced or eliminated .at low water temperatures 
(Green 1968), so it was probably the elevated winter temperatures 
that were responsible for the uninterruptedbarnacle reproduction 
in 1973-74. Barnacle reproduction evidently occurred during the 
winter of 1970-71 (Fig. 46), which was also relatively mild, accord-
ing to James River temperature records (Fig. 44). 
The barnacle population in the study area has been evaluated in 
the plankton and benthos segments of the study, as well as by means of 
fouling plates. Figure 47 compares t~he postoperational temporal distrib-
utions of barnacle nauplii determined in the monthly plankton sampling 
program, and of adult barnacles from the fouling plates recovered 
bimonthly at station DWS. Also shown are the total counts of adult 
barnacles obtained at all stations in the benthos study. The naupliar 
and adult distributions correspond closely for 1973, 1975, and 1976. 
The largest barnacle population densities were observed on the early 
summer fouling plates in 1976. Plates recovered in August, and 
particularly those recovered in October yielded many individuals 
that apparently had died after being covered by sheets of ectoprocts. 
Competition for space can therefore begin to affect the community 
structure on the plates within a two month inQ1bation period. The 
1974 naupliar distribution shows gaps in the winter, spring, and 
late fall, but colonization of the fouling plates proceeded actively 
during these periods. The fouling plate technique, which yields 
samples integrated over time, appears to provide a more reliable 
evaluation of barnacle reproductive activity than does monthly plankton 
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sampling, which may miss brief periods of naupliar abundance. The 
occurrence of barnacles in the benthos samples depends upon the 
presence of a suitable substrate, such as clam or oyster shells. 
Consequently, the population densities observed in the benthos 
study have been much lower than the densities observed in the fouling 
plate study in which a favorable substrate is purposely made 
availab~e. 
The Corophium lacustre population density was highest in the late 
summer or early fall at all stations in the six study years (Fig. 48). 
In 1971 and 1974 individuals of this species were present on the plates 
collected in February. In most of the other years it was not observed 
until June. 
The temporal distribution of the total numbers of Corophium collected 
during the benthos sampling runs is superimposed on the fouling plate 
distribution for CBS in Fig. 48. The major features of the two 
distribution patterns are similar except for the year 1972, when 
Corophium was absent from the benthos samples during the immediate post-
Agnes period, but exhibited a typical summer abundance peak on the 
fouling plates. It could have been that the fouling plates provided 
a more protective refuge than did the river bottom sediments for the 
animals during the high runoff period following the storm. It could 
also have been that small, newly produced individuals were present 
initially in both sets of samples, but that they were lost from the 
benthos samples during the screening process. 
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Table 34 shows the temporal occurrence patterns of two species 
groups of colonial fouling organisms, ectoprocts and hydroids. Ecto-
procts were found on the summer fouling plates in all study years 
except 1975. Hydroids have been observed on fouling plates from 
every bimonthly set collected since mid sunnner of 1974. 
Annual Fouling Plates, 1975-1976 
In these two years fouling plates were recovered in June, after 
having been in place for t~,velve months. The barnacle population 
densities on these annual plates are included in Fig. 46. Although 
statistical significant difference tests could not be performed, 
due to lack of date replication, it appears that densities were higher 
on the 1976 than on the 1975 annual plates. The probable reason is 
that,as evidenced by the barnacles present on the April and June 
bimonthly plates for that year, there had been an opportunity for 
new colonists to augment the populations that survived from 1975. 
The barnacles present on the 1975 annual plates from station 
CBN and CBS rE~presented only the survivors from 1974. 
The barnacle population densities on the annual plates were 
lower than densities on the bimonthly plates collected in June, 1976. 
Individuals tended to be larger on the annual plates, and the presence 
of an established hydroid population on these plates at the beginning 
of the barnacle reproductive period in 1976 reduced the space 
available for attachment of new individuals, relative to the area 
available on the bimonthly plates that were set out devoid of organisms, 
in April. 
Ectoprocts 
CBN 
CBS 
DWS 
Hydro ids 
CBN 
CBS 
DWS 
Table 34. Occurrence of Ectoprocts and Hydroids on 
Bimonthly Fouling Plates 
1971 1972 1973 1974 1975 1976 
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The Corophium lacustr~:. population densities on the annual 
fouling plates appeared to be greater then the densities on the 
June bimonthly plates for both years (F:ig. 48), although, as for 
the barnacles, statistical tests could not be performed. In both 
1975 and 1976 there was opportunity for new colonists to be added 
to the populations surviving on the annual plates from the previous 
year. Minute, newly produced individuals as well as adults were found 
on the annual and bimonthly plates, indicating that resident, reprodu-
cing populations had become established and could maintain themselves 
from one year to the next. 
Power Plant Effects 
The major temporal distribution patterns for the fouling 
organisms were similar among the thre•~ stations. No power plant 
effect was apparent at station CBS, near the discharge. 
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Conclusions 
In this report plankton data from two years of study, benthos 
data from eight years of study, and fouling organism data from six 
years of study have been reviewed. Distinct power plant effects 
were detected in the plankton data. These effects involved modification 
of the plankton community structure in the vicinity of the power 
plant discharge canal mouth and to some extent in the plume, by 
introduction of river water pumped from the downstream side of Hog 
Point. Plankton populations in the plume were sometimes diluted, 
when the downstream water was poorer in plankton than the upstream 
water, and were sometimes augmented when the downstream water was 
richer in plankton or when meroplankton was released into the cooling 
water in the power plant canals. During the summer months populations 
of cryptophyte flagellates in the cooling water were significantly 
reduced between the intake and the discharge canal mouth. These 
reductions were not detected at the plume stations, however, where 
population densities tended to be naturally higher than at stations 
in other parts of the study area. The overall negative impact of the 
Surry Power Station on the plankton of the ol igohaline James River 
appears to be negligible. 
The benthos and fouling plate studies have served mostly to 
reveal the generally low diversity and high temporal variability 
characteristic of these communities in the transition zone of an 
estuary. The benthos community has ch8nged significantly in 
structure during the study period. Some of the changes appear 
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to relate to natural events such as Tropical Stann Agnes, or 
periods of depressed salinity or elevated ~inter temperatures. 
Fouling organism populations exhibited seasonal variation patterns 
and these patterns changed from year to year in response to natural 
factors, such as minimum winter water temperatures. Responses 
by both the benthos and the fouling organism connnunities to natural 
environmental changes have. overshadowed any responses that may have 
been elicited by the power plant the~mal plume. 
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Appendix A 
Hydrographic Data Tables 
Table Al 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
1-21 Time (EST) 1053 1125 1150 1212 1229 1242 1315 1405 1427 1455 
Secchi Depth (em) 31 28 25 21 20 23 28 24 22 25 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oc) 2.55 2.60 3.15 2.20 3.00 3.50 7.20 2.20 3.40 2.35 
Sal. ( 0 /oo) 1.86 2.95 1.22 0.32 0.92 1.28 3.07 0.31 1.13 0.30 
D.O. (mg/1) 12.00 11.86 12.03 11.88 11.94 11.98 12.54 12.35 12.11 
Sample Depth (m) 1 0.75 2 1.25 1.5 0.75 1 .5 1.5 3.75 
Temp. (OC) 2.45 2.60 3.15 2.25 3.00 3.50 7.20 2.45 3.40 2.35 
Sal. ( 0 /oo) 2.10 3.07 1.24 0.32 0.86 1.30 3.07 0.33 1.19 0.29 I ~ 
D.O. (mg/1) 11.86 11.62 11.78 12.25 12.05 12.09 12.09 12.27 12.05 12.15 .p-. 0 
I 
Sample Depth (m) 2 1.5 4 2.5 3 1.5 2 1 3 7.5 
0 2.55 2.60 3.25 2 .. 30 2.95 3.60 7.10 2.50 3.40 2.40 Temp. ( C) 
Sal. ( 0 /oo) 2.61 3.22 1.26 0.31 0.81 1.30 3.05 0.40 1.11 0.29 
D.O. (mg/1) 11.94 12.01 11.86 12.05 11.94 12.25 12.05 12.43 12.15 12.03 
2-20 Time (EST) 1033 1103 1138 1212 1235 1250 1320 1415 1443 1505 
Secchi Depth (em) 26 25 33 22 21 26 23 21 22 23 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 10.60 11.20 13.80 10.85 10.80 14.00 19.40 16.30 10.90 10.55 
Sal. ( 0 /oo) 1.36 1.55 1.03 0.29 0.25 1.28 1.69 1.10 0.27 0.18 
D.O. (mg/1) 10.20 9.92 10.00 10.14 10.10 9.70 9.98 10.04 10.40 10.38 
Sample Depth (m) 1 1 2 1 2 .5 1 1 1.5 3.5 
Temp. (°C) 10.45 11.35 13.75 10.85 10.65 13.90 19.25 16.05 10.80 10.35 
Sal. (0 /oo) 1.37 1.54 1.12 0.29 0.27 1.28 1.67 1.09 0.24 0.17 
D.O. (mg/1) 10.08 9.94 10.08 10.43 10.16 9.48 9.92 9.74 10.41 10.79 
Sample Depth (m) 2 2 4 2 4 1 2 2 3 7 
Temp. (OC) 10.45 11.40 13.85 10.90 10.60 13.95 19.20 15.50 10.80 10.35 
Sal. ( 0 /oo) 1.39 1.53 1.16 0. 30 0.25 1.29 1.67 1.00 0.24 0.17 
D.O. (mg/1) 9.96 10.10 9.76 10.04 10.20 9.94 9.82 10.24 10.69 
Date Parameter DWS 
3-24 Time (EST) 1012 
Secchi Depth (em) 40 
Sample Depth (m) 
Temp. (°C) 
Sal. ( 0 /oo) 
D. 0. (mg/1) 
Sample Depth (m) 
Temp. (°C) 
Sal. C0 /oo) 
D. 0. (mg/1) 
Sample Depth (m) 
Temp. (°C) 
Sal. ( 0 /oo) 
D. 0. (mg/1) 
4-23 Time (EST) 
Secchi Depth (em) 
Sample Depth (m) 
Temp. (°C) 
Sal. C0 /oo) 
D.O. (mg/1) 
Sample Depth (m) 
Temp. (°C) 
Sal. ( 0 /oo) 
D. 0. (mg/1) 
Sample Depth (m) 
Temp. (°C) 
Sal. ( 0 /oo) 
D.O. (mg/1) 
0 
12.10 
0.97 
9.74 
1 
12.00 
0.98 
9.76 
2 
12.10 
0.99 
9.68 
1015 
84 
0 
21.35 
1.88 
9.10 
1 
20.95 
2.28 
9.22 
2 
20.60 
3.65 
9.26 
Table Al (cant. ) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
INTAKE HPS 
1042 1114 
27 36 
0 0 
11.80 15.00 
1.30 0.68 
10.14 9.64 
.5 2.5 
11.80 14.40 
1.30 0.64 
9. 84 9. 35 
HPW3 
1137 
53 
0 
12.70 
0.36 
9.64 
1 
12.60 
0.30 
10.14 
Station 
HPW2 
1200 
33 
0 
14.00 
0.51 
10.33 
1.5 
14.10 
0.53 
9.43 
1 5 2 3 
11.80 14.30 12.80 14.10 
1.30 0.68 0.37 0.51 
10.53 9.84 9.33 
1100 1145 
40 42 
0 0 
21.35 23.55 
2.39 1.96 
9.02 8.42 
4 2 
21.30 23.45 
2.49 1.77 
9.78 8.40 
8 4 
21.10 23.50 
2.58 1.72 
9.94 8.48 
1210 
62 
0 
21.55 
0.54 
8.30 
1 
21.60 
0.54 
8.10 
2 
21.75 
0.54 
8.20 
1233 
31 
0 
22.10 
0.85 
8.32 
1.5 
22.45 
0.84 
8.36 
3 
22.40 
0.83 
8.28 
HPWl 
1216 
38 
0 
16.10 
0.74 
9.58 
1.25 
16.90 
0. 78 
10.21 
2.5 
17.10 
0.82 
1330 
49 
0 
24.60 
1.72 
8.58 
.5 
24.90 
1.64 
8.50 
DISCHARGE CBE 
1231 1348 
30 84 
0 
20.60 
1.25 
10.55 
1 
20.40 
1.25 
8.95 
2 
20.50 
1.24 
'"' "'"' '::i.'::iU 
1355 
38 
0 
26.80 
2.44 
8.68 
1 
26.90 
2.45 
8.84 
2 
27.00 
2.45 
8.80 
0 
13.80 
0.20 
10.29 
.75 
14.00 
0.20 
9.84 
1.5 
14.20 
0.19 
1 1"'\ I_, 
.i.U.'+i 
1425 
120 
0 
24.75 
0.33 
9.76 
.5 
24.80 
0.33 
9.94 
CBC 
1410 
36 
0 
12.70 
0.21 
10.12 
1.5 
12.80 
0.17 
9.72 
3 
12.80 
0.11 
9.66 
1445 
46 
0 
21.65 
0.29 
8.12 
1.5 
21.40 
0.27 
8.12 
3 
21.60 
0.28 
8.02 
JI 
1425 
48 
0 
12.80 
0.17 
11.88 
3 
12.60 
0.13 
9.44 
6 
12.70 
0.25 
9.40 
1515 
49 
0 
21.10 
0.22 
8.24 
3 
20.90 
0.23 
8.20 
6 
20.90 
0.25 
8.44 
Table Al (cont.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
5-25 Time (EDT) 1030 1055 1120 1152 1211 1233 1252 1348 1404 1530 
Secchi Depth (em) 112 78 108 103 96 111 85 107 107 71 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 20.20 20.10 21.00 21.00 20.60 21.80 25.00 21.40 21.40 20.90 
Sal. ( 0 /oo) 5.41 6.14 3.96 2.43 3.04 3.35 5.96 2.04 2.46 1.10 
D.O. (mg/1) 8.10 8.10 10.14 8.50 8.00 8.40 7.90 8.20 8.50 8.13 
Sample Depth (m) 1.25 1.25 2.5 1.25 1.5 1.5 1 1 1.5 3.75 
Temp. (°C) 19.90 20.30 ·~!(). 20 20.80 20.40 21.20 24.60 21.50 21.40 20.60 
Sal. ( 0 /oo) 6.57 6.16 5.10 2.75 3.10 3.11 6.01 2. 32 2.48 1.13 I D.O. (mg/1) 8.20 8.22 7.90 8.42 8.10 8.34 7.66 9.00 8.40 8.78 ...... 
+:'-
Sample Depth (m) 2.5 2.5 5 2.5 N 3 2 3 7.5 I 
Temp. (OC) 19.90 20.50 20.30 20.90 20.50 24.60 21.70 20.50 
Sal. ( 0 /oo) 7.22 6.15 5.73 3.53 4.19 5.99 2.62 1.07 
D.O. (mg/1) 8.34 8.28 7.70 7.94 8.54 8.10 8.00 8.54 
6-23 Time (EDT) 1032 1105 1139 1200 1240 1305 1325 1445 1500 1525 
Secchi Depth (em) 71 58 62 80 61 83 60 70 42 53 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 26.80 26.55 28.20 27.05 27.40 29.85 35.10 30.00 26.15 26.65 
Sal. { 0 /oo} 1.56 2.23 1.64 0.49 0.78 1.41 2.34 1.09 0.26 0.26 
D.O. {mg/1) 7.82 8.58 8.22 8.44 8.24 8.70 7.54 9.64 7.66 
Sample Depth (m) 1 4 2 1 1.5 1 1.5 3.5 
Temp. (°C) 25.90 26.30 28.00 26.40 27.20 35.10 26.15 25.85 
Sal. {0 /oo) 1.69 2.31 1.66 0.50 0.96 2.34 0.27 0.25 
D.O. (mg/1) 8.20 8.08 7.96 7.90 7.78 7.52 7.98 7.86 
Sample Depth (m) 2 8 4.25 2 3 2 3 7 
Temp. (oC) 25.95 26.50 28.05 26.50 27.55 35.10 26.40 25.85 Sal. ( 0 /oo) 2.26 2.28 1.67 0.54 1.06 2. 32 0.29 0.25 
D.O. {mg/1) 7.74 8.04 7.52 8.24 7.76 8.30 8.02 7.50 
Table Al (cont.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
7-15 Time (EDT) 1100 1149 1225 1255 1325 1350 1419 1441 1506 1532 
Secchi Depth (em) 86 45 so 59 49 65 so 58 63 71 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 26.50 27.20 27.20 26.70 27.30 28.60 31.15 28.55 28.20 27.65 
Sal. (o/oo) 4.75 6.07 3.54 2.08 2.46 2.99 6.42 1.88 2.74 1.50 
D.O. (mg/1) 7.33 8.07 7.70 7.70 6.27 7.76 6.94 8.59 7.41 7.68 
Sample Depth (m) 1 4.5 2.5 1.25 1.75 1 1 1 1.75 4.5 
Temp. (OC) 26.30 26.60 26.60 26.90 27.40 28.80 31.15 28.65 27.90 27.10 
Sal. ( 0 I oo) 4.84 6.42 3.66 2.05 2.56 2.98 6.43 1.88 2.74 2.34 I 
D.O. (mg/1) 7.11 7.09 7.17 7.41 7.42 7.74 8.56 7.46 7.31 ..... +"' 
w 
Sample Depth (m) 2 9 5 2.5 3.5 2 3.5 8.75 I 
Temp. (OC) 26.10 26.50 26~70 26.85 27.55 31.20 28.30 ?i ')(\ I-I • "-V 
Sal. ( 0 /oo) 5.22 6.44 3.74 2.17 2.70 6.35 2.90 ') ~1 ~._,. 
D.O. (mg/1) 7.42 7.23 7.17 7.41 7.58 i (\'J I o V..J 7.33 8.65 
8-11 Time (EDT) 1035 1107 1129 1141 1209 1225 1245 1330 1402 1425 
Secchi Depth (em) 95 44 27 63 44 76 31 58 54 61 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 25.9 26.0 27.4 26.2 26.4 29.6 34.0 30.3 27.7 25.6 
Sal. ( 0 /oo) 7.84 9.35 7.04 5.30 5.82 7.12 8.86 6.38 6.21 4.50 
D.O. (mg/1) 7.46 7.69 7.01 6.91 7.03 7.27 6.99 7.67 7.56 6.72 
Sample Depth (m) 1 1.25 1.75 2.5 1.5 1 1 1 1.75 4 
Temp. (oC) 25.7 26.2 27.5 26.0 26.4 29.5 34.0 29.8 27.2 26.6 
Sal. ( 0 /oo) 8.04 8.80 7.09 5.41 5.84 7.15 8.85 6.41 6.20 5.32 
D.O. (mg/1) 6.93 6.65 6.99 6.74 6.47 7.29 6.49 6.87 7.69 6.86 
Sample Depth (m) 2 2.50 3.50 5.0 3.0 2 2 3 8 
Temp. (OC) 25.6 26.3 27.7 26:.0 26.5 34.0 30.6 27.2 26.8 
Sal. (o/oo) 9.07 8.70 7.12 5.43 5.77 8.84 6.91 6.38 5.61 
D.O. (mg/1) 6.76 7.03 6.85 7.31 7.01 6.53 6.72 6.97 6.93 
Table Al (cont.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPW1 DISCHARGE CBE CBC JI 
9-14 Time (EDT) 1020 1103 1137 1159 1227 1250 1325 1420 1445 1512 
Secchi Depth (em) 134 90 132 117 137 107 76 104 112 84 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 23.80 23.80 28.30 25.20 25.20 26.90 32.90 25.60 24.55 24.0 
Sal. ( 0 /oo) 9.46 9.77 8.60 6.09 6.16 8.41 10.01 6.36 6.10 5.44 
D.O. (mg/1) 7.89 7.95 7.77 8.20 8.09 8.05 7.89 9.70 8.22 7.89 
Sample Depth (m) 1 4 2 1 1.5 1 1 1 1.5 3 
Temp. (oC) 23.60 23.70 26.80 24.45 24.80 27.05 32.70 25.20 25.20 24.0 
Sal. ( 0 /oo) 9.80 9.77 8.53 6.24 6.20 8.43 10.00 6.38 6.62 5.47 
D.O. (mg/1) 7.81 7.77 7.69 7.89 8.48 7.93 7.63 9.86 7.51 7.63 I 1--' 
~ 
(m) ~ Sample Depth 1.75 8 4 2 3 2 3 6 I 
Temp. (oc) 23.60 23.60 26.20 24.25 24.60 32.50 26.20 24.20 
Sal. ( 0 /oo) 10.29 9.73 8.50 6.48 6.25 9.96 7.30 5.99 
D.O. (mg/1) 7.87 8.07 8.07 7.91 8.03 7.53 7.87 7.38 
10-14 Time (EDT) 1020 1053 1120 1156 1210 1233 1300 1350 1415 1447 
Secchi Depth (em) 85 70 65 68 62 63 48 64 74 57 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 17.9 18.0 18.2 17.9 17.9 18.7 23.7 17.9 18.5 18.0 
Sal. ( 0 /oo) 1.36 1.67 0.49 0.26 0.17 1.03 1.84 0.76 0.58 0.18 
D.O. (mg/1) 7.91 8.01 7.44 7.50 7.31 8.26 8.01 8.53 7.83 7.33 
Sample Depth (m) 1 4 2 1 1.5 1 1 .5 1.5 3 
Temp. (OC) 17.9 17.9 18.2 17.9 17.9 18.7 23.5 17.9 18.5 18.0 
Sal. ( 0 /oo) 1.38 1.70 0.50 0.28 0.18 0.99 1.87 0.80 0.59 0.18 
D.O. (mg/1) 8.22 8.03 7.72 7.25 7.06 8.32 7.79 8.32 7.08 6.94 
Sample Depth (m) 2 8 4 2 3 2 3 6 
Temp. (OC) 17.9 17.8 18.2 18.0 17.9 23.5 18.5 18.1 
Sal. ( 0 /oo) 1.64 1.88 0.62 0.26 0.17 1.85 0.59 0.19 
D.O. (mg/1) 8.36 8.28 7.54 7.23 6.86 8.03 7.60 7.04 
Table Al (cont.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
11-17 Time (EST) 1058 1130 1205 1227 1250 1307 1325 1455 1514 1540 
Secchi Depth (em) 72 69 35 36 32 52 67 52 29 34 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 7.40 7.00 7.20 7.00 7.00 7.40 7.20 7.20 6.85 6.90 
Sal. ( 0 /oo) 3.94 3.11 2.00 1.03 1.11 1.91 4.76 0.31 0.38 0.14 
D.O. (mg/1) 11.36 10.63 11.77 10.93 11.06 11.12 10.58 11.34 11.66 10.56 
Sample Depth (m) 1 4 2.25 1 1.5 1 1 1 1.5 4 
Temp. (oC) 7.45 7.00 7.25 7.00 7.00 7.55 7.20 7.15 6.90 6.95 
Sal. ( 0 /oo) 4.86 4.17 2.12 1.03 1.11 1.99 4.76 0.39 0.37 0.15 I 
....,. A (mg/1) 10.93 10.86 ., ., nc:: ., ., ., c 11'\ 1'\"'7 1 1'\ I. "'7 1f'\ -,c. 1 n a 1 a r::;7 , " 7?. t-' u.u. .L.l..:JJ .L.Lo.LU .l.Vo:JI .L.Vo"'t/ .L.V o IV ..L.VoJ..L. .Je....ll •v• 1 u ~ 
IJ1 
Sample Depth (m) 2 8 4.5 2 8 I 3 2 3 
Temp. (oc) 7.55 7.00 7.30 7.00 7.10 7.25 6.95 6.90 
Sal. (O/oo) 6.15 4.27 2.25 1.07 1.11 4.68 0.37 0. 53 
D.O. (mg/1) 10.65 10.58 10.91 10.63 11.04 10.84 10.65 10.67 
12-10 Time (EST) 1057 1130 1204 1230 1248 1310 1425 1447 1508 1532 
Secchi Depth (em) 32. 33 28 29 21 41 36 36 35 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 4.40 4.00 3.95 4.60 4.50 4.20 4.20 4.00 4.25 5.00 
Sal. ( 0 /oo) 1.25 1.96 .79 .14 • 37 .88 1.99 .53 .48 .11 
D.O. (mg/1) 11.44 12.13 12.22 11.01 11.66 11.53 11.23 12.16 12.20 10.49 
Sample Depth (m) 1 4.25 2.25 1 1.5 1 1 1 1.5 3 
Temp. (oc) 4.45 4.10 4.00 4.60 4.50 4.20 4.30 4.20 4.25 5.00 
Sal. ( 0 /oo) 1.28 2.00 .79 .14 • 37 .85 1.98 .55 .49 .11 
D.O. (mg/1) 11.89 11.39 10.31 10.85 11.17 11.64 11.71 12.27 11.35 10.65 
Sample Depth (m) 2 8.5 4.5 2 3 2 3 6 
Temp. (oc) 4.50 4.10 4.05 4.60 4.50 4.40 4.40 5.10 
Sal. ( 0 /oo) 1.81 2.27 .81 .15 • 35 1.96 .49 .12 
D.O. (mg/1) 11.57 12.07 11.98 10.76 10.87 11.55 11.10 11.25 
Table A2 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
Jan. 12 Time (EST) 1035 1052 1105 1118 1127 1140 1150 1156 
Secchi Depth (em) 27 25 26 30 38 29 25 32 
Sample Depth (m) 0 0.75 0 0 0.5 0 0 0 
Temp. (°C) 3.1 3.2 3.8 3.4 4.0 5.8 6.1 5.1 
Sal. ( 0 /oo) 0.07 0.08 0.21 0.52 1.30 0.39 0.31 0.19 
D.O. (mg/1) 11.42 11.96 11.27 11.37 11.48 11.23 11.21 11.27 I 
t--' 
.p. 
Sample Depth (m) 1.5 5 2 5 4 0\ I 
Temp. (OC) 3.0 3.5 3.3 6.2 5.3 
Sal. ( 0 /oo) 0.09 1.50 0.54 0.32 0.22 
D.O. (mg/1) 12.45 11.17 11.17 11.21 11.19 
Station 5 9 8 4 7 3 2 1 
Time (EST) 1202 1208 1245 1253 1258 1305 1312 1319 
Secchi Depth {em) 20 30 28 26 29 27 32 28 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (oC) 4.2 6.1 4.5 3.7 3.1 3.2 3.5 3.5 
Sal. ( 0 /oo) 0.12 0.42 0.18 0.12 0.10 0.08 0.07 0.08 
D.O. (mg/1) 11.29 11.39 12.94 11.37 11.88 12.05 11.56 11.47 
·Sample Depth (m) 3 1 3.5 3 1.5 1 1.5 1 
Temp. (OC) 4.3 6.0 4.9 3.8 3.4 3.2 3.4 3.6 
Sal. ( 0 /oo) 0.12 0.41 0.22 0.12 0.15 0.08 0.07 0.08 
D.O. (mg/1) 11.17 11.37 11.29 11.47 11.86 11.86 11.60 11.62 
Table A2 (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
April 7 Time (EST) 1058 1111 1122 1135 1158 1210 1218 1226 
Secchi Depth (em) 87 80 50 68 38 42 51 65 
Sample Depth (m) 0 0.5 0 0 0 0 0 0 
Temp. (OC) 14.80 15.00 14.75 15.85 16.00 16.85 17.55 14.90 
Sal. ( 0 /oo) 0.10 0.12 0.18 1.33 0.88 0.45 0.56 0.11 
D.C. (mg/1) 9.64 10.23 9.47 10.14 9.11 9.11 9.13 9.25 
I 
t-' 
Sample Depth (m) 1.25 5 2 1 0.5 4 3 +"' 
Temp. (oC) 14.70 14.25 14.55 15~55 16.60 16.00 14.50 ........ I 
Sal. ( 0 /oo) 0.13 0.39 1.88 0.90 0.44 0.50 0.12 
D.O. (mg/1) 9.31 9.37 9.70 9.19 9.31 8.95 8.99 
Station 5 9 8 4 7 3 2 1 
Time (EST) 1235 1319 1330 1340 1347 1358 1404 1414 
Secchi Depth (em) 60 57 43 58 54 112 101 147 
Sample Depth (m) 0 0 0 0 0 0.25 0 0 
Temp. (OC) 14.65 18.70 19.70 15.80 19.60 16.95 16.30 16.00 
Sal. ( 0 /oo) 0.10 0.65 0.66 0.09 0.56 0.11 0.12 0.10 
D. 0. (mg/1) 9.90 9.25 9.35 9.50 10.14 9.78 9.52 9.52 
Sample Depth (m) 3 0.5 4 3 0.5 2 1 
Temp. (oC) 14.30 18.90 14.85 14.40 19.50 14.65 15.85 
Sal. ( 0 /oo) 0.09 0.66 0.12 0.09 0.51 0.10 0.10 
D.O. (mg/1) 9.15 9.37 9.74 9.05 9.70 9.68 9.64 
Table A2 (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
June 9 Time (EDT) 1005 1024 1044 1058 1107 1120 1125 1135 
Seeehi Depth (em) 65 44 72 75 65 69 61 63 
Sample Depth (m) 0 0.5 0 0 0 0.5 0 0 
Temp. (OC) 22.6 22.8 23.1 23.6 23.2 23.0 24.6 23.7 
Sal. ( 0 /oo) 0.87 1.39 2.77 2.90 3.64 2.97 2.46 1.78 
D.O. (mg/1) 8.60 8.29 8.15 8.58 8.97 8.42 8.39 8.79 
(m) I Sample Depth 1.5 5 2.5 1 4.5 4 t-' 
Temp. (oc) 22.5 21.8 22.1 22.8 23.8 23.5 ~ (X) 
Sal. ( 0 /oo} 1.50 3.04 3.40 0.07 2.91 2.21 I 
D.O. (mg/1) 7.90 8.25 7.90 8 .• 31 8.25 8.09 
Station 5 9 8 7 4 3 2 1 
Time (EDT) 1140 1150 1200 1215 1225 1235 1244 1257 
Seeehi Depth (em) 61 62 59 so 68 120 80 120 
Sample Depth (m) 0 0 0 0.5 0 0 0 0 
Temp. (OC) 22.5 25.6 25.1 25.4 24.4 25.4 24.0 24.7 
Sal. ( 0 /oo) 1.64 2.05 2.26 1.30 1.69 1.16 0.98 0.84 
D.O. (mg/1) 8.40 9.13 8.33 9.28 8.76 10.02 8.74 9.69 
Sample Depth (m) 3 1 4 3 1 2 1.5 
Temp. (°C) 22.4 25.3 22.8 23.1 25.0 22.8 24.4 
Sal. ( 0 /oo) 1.99 2.05 2.97 1.70 1.13 1.04 0.84 
D.O. (mg/1) 8.31 8.78 8.13 8.19 10.0 8.19 9.63 
Table A2 (cont.) 
James River Hydrographic Data 1976 
Date Station 6 
July 20 Time (EDT) 1009 
Secchi Depth (em) 76 
Sample Depth (m) 
Temp. (°C) 
Sal. ( 0 /oo) 
D. 0. (mg/1) 
0 
26.4 
2.32 
7.70 
Sample Depth (m) 1 
Temp. (°C) 26.2 
Sal. ( 0 /oo) 2.67 
D.O. (mg/1) 
Station 
Time (EDT) 
Secchi Depth (em) 
Sample Depth (m) 
Temp. (°C) 
Sal. ( 0 /oo) 
D. 0. (mg/1) 
Sample Depth (m) 
Temp. (°C) 
Sal. (0 /oo) 
D. 0. (mg/1) 
7.64 
5 
1155 
70 
0 
27.5 
2.49 
7. 70 
3 
27.5 
2.57 
7.66 
12 
1025 
53 
0.75 
26.7 
2.74 
7.85 
1245 
63 
0.75 
28.8 
3.25 
9.20 
Benthos Sampling Runs 
14 
1042 
132 
0 
27.3 
3.98 
8.52 
5 
26.9 
6.46 
7.48 
8 
1255 
103 
0 
27.7 
2.25 
8.34 
3.25 
27.7 
2.68 
8.50 
16 
1055 
93 
0 
26.9 
6.25 
8.46 
1.5 
26.7 
6.25 
7. 89 
.., 
I 
1306 
65 
0.75 
28.5 
2.21 
10.29 
15 
1105 
43 
0.5 
26.0 
6.27 
7.89 
1310 
110 
0.75 
29.0 
2.12 
10.88 
13 
1116 
50 
0.5 
27.8 
4.64 
8.65 
4 
1323 
76 
0 
27.6 
1.76 
8.15 
3 
27.5 
1.93 
7.89 
11 
1127 
0 
28.1 
3.75 
9.10 
4 
27.9 
3.89 
8.44 
1335 
94 
0 
28.1 
1.84 
8.44 
1.5 
27.5 
1.89 
8.28 
10 
1145 
84 
0 
27.8 
2.73 
8.22 
3.75 
27.4 
2.97 
8.71 
, 
..i.. 
1346 
110 
0.75 
31.2 
1.99 
8.52 
Table A2 (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
August 17 Time (EDT) 1025 1040 1052 1115 1130 1145 1155 1213 
Secchi Depth (em) 90 70 132 116 40 51 108 132 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (oC) 26.15 26.50 26.60 26.30 25.00 27.10 27.00 26.70 
Sal. ( 0 /oo) 5.52 5.78 6.82 9.23 7.69 6.92 6.56 4.85 
D.O. (mg/1) 7.58 7.72 7.14 8.60 7.66 7.64 7.40 7.80 
(m) I Sample Depth 1 5 2 4 4 ~ 
Temp. (OC) 25.95 26.70 26.20 26.60 26.50 V1 0 
Sal. ( 0 /oo) 5.41 8.05 9.24 6.63 4.86 I 
D.O. (mg/1) 7.12 6.48 7.28 7.18 7.64 
Station 5 9 8 4 7 3 2 1 
Time (EDT) 1220 1230 1325 1337 1347 1359 1410 1420 
Secchi depth (em) 105 85 109 110 75 55 91 74 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 26.65 27.20 26.70 26.80 27.80 26.85 26.40 26.80 
Sal. ( 0 /oo) 4.72 6.26 4.68 4.20 5.63 5.14 5.43 4.32 
D.O. (mg/1) 7.48 7.80 7.56 8.06 8.30 8.56 7.90 8.24 
Sample Depth (m) 3 4 3 1 2 1 
Temp. (°C) 26.50 28.00 26.60 26.45 26.30 26.45 
Sal. ( 0 I oo) 4.74 6.67 4.28 5.08 4.75 4.32 
D.O. (mg/1) 7.46 8.08 7.92 8.34 8.14 7.34 
Table A2 (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
Oct. 29 Time (EST) 1020* 0940 0956 1011 1033 1048 1057 1106 
Secchi Depth (em) 43 36 31 30 25 24 30 31 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (oc) 10.4 10.3 11.4 10.7 8.2 9.5 10.2 11.4 
Sal. ( 0 /oo) .20 .18 .13 • 35 .41 .30 .22 .10 
D.O. (mg/1) 9.09 9.15 9.34 9.36 9.88 10.34 9.81 8.51 
Sample Depth (m) 1 4.5 2 4 4 I 1-' 
Temp. (oC) 10.3 11.2 10.8 10.0 11.2 U1 
Sal. ( 0 /oo) .41 .13 .36 .22 .10 1-' I 
D.O. (mg/1) 8.81 9.36 8.70 9.79 8.59 
Station 5 9 8 7 4 3 2 1 
, Time (EST) 1113 1120 1130 1148 1155 1204 1211 1219 
Secchi Depth (em) 32 36 40 27 30 53 36 58 
Sample Depth (m) 0 0 0 0 0 0 0 0.5 
Temp. (oc) 11.3 10.2 10.6 9.3 11.4 10.2 10.8 10.2 
Sal. ( 0 /oo) .09 .21 .12 .26 .08 .16 .11 .15 
D.O. (mg/1) 9.13 9.43 9.38 10.15 8.89 10.56 9.36 9.79 
Sample Depth (m) 3 4 3 1.5 
Temp. (oc) 11.2 10.5 11.1 10.8 
Sal. ( 0 /oo) .10 .13 .09 .12 
D.O. (mg/1) 8.42 9.24 9.08 9.53 
* Station 6 sampled on October 28. 
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Table Bl 
James River Chlorophyll Concentrations, 1976 
(pg Chl 2:. per liter, surface s:amples, two samples per station) 
Date 
Station Jan. 21 Feb. 20 Mar. 24 Apr. 23 May 25 June 23 
DWS 3.3 2.4 2:.0 3.4 2.4 2.4 
3.6 2.7 1.9 3.5 1.8 2.6 
Intake 6.2 3.5 q .. 4 16.3 3.5 3.3 
5.2 3.0 q .. 3 16.5 4.4 3.2 
HPS 4.6 2.0 q .. 2 8.3 3.4 1.5 
5.2 2.4 q .. 7 12.2 3.4 1.9 
HPW3 4.3 2.2 1.7 6.3 3.2 2.0 
6.0 2.0 1.4 5.1 2.7 2.0 
HPW2 4.8 1.9 3.8 6.9 4.0 1.7 
3.8 1.9 3.5 7.0 3.8 2.0 
HPWl 4.0 2.1 2.4 5.7 4.0 2.1 
3.4 2.1 2.7 5.4 3.6 2.2 
Discharge 4.4 4.0 4.2 7.8 3.0 1.6 
4.3 2.9 3.8 6.6 2.6 1.4 
CBE 6.1 3.1 1.4 3.4 6.5 6.7 
7.6 2.5 1.0 3.4 4.8 6.4 
CBC 4.0 2.0 3.4 5.6 4.2 2.1 
4.5 1.9 3.5 5.5 4.3 2.3 
JI 4.6 1.6 2.5 3.5 5.2 2.1 
4.7 1.7 2.4 3.8 5.4 2.4 
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TableBl(Continued) 
Date 
Station July 15 Aug. 11 Sep. 14 Oct. 14 Nov. 17 Dec. 10 
DWS 1.8 1.7 5.8 3.1 .85 1.4 
2.3 1.7 5.2 2.9 .85 1.6 
Intake 4.0 5.2 5.5 4.1 1.5 1.3 
4.0 5.5 5.1 4.2 1.2 1.4 
HPS 4.0 4.2 5.9 4.4 2.1 2.5 
4.6 6.1 7.1 3.7 2.2 2.5 
HPW3 2.2 2.2 2.5 2.7 1.1 2.3 
2.2 3.3 2.8 3.1 1.0 3.1 
HPW2 3.6 2.9 4.7 4.2 1.7 3.9 
3.6 3.6 4.7 3.7 1.7 2.8 
HPWl 4.2 2.2 6.4 3.3 1.1 1.0 
4.2 2.2 6.7 1.1 1.0 
Discharge 2.7 2.7 4.4 2.6 2.7 1.4 
2.3 2.1 4.2 3.0 3.0 1.5 
CBE 5.2 5.2 8.8 3.2 1.1 1.0 
4.5 3.0 8.6 3.1 .78 1.1 
CBC 4.1 4.4 4.6 2.3 2.0 1.6 
3.8 3.8 5.1 2.6 2.1 1.5 
JI 2.1 1.9 5.3 4.5 1.8 1.8 
2.4 2.0 4.8 4.0 1.9 2.2 
-15.5-
Table B2 
James River Phytoplankton Cell Counts, 1976 
(Total cells per ml, surfac:e samples, two samples per station) 
Date 
* ** Station Jan. 21 Feb. 20 Har. 2~~ Apr. 23 May 25 June 23 
DWS 550 1350 400 3100 700 1800 
1000 1150 400 3700 600 1850 
Intake 900 1550 450 9900 700 2100 
800 1300 650 9700 800 1750 
HPS 350 850 650 2650 1200 1150 
550 950 700 2500 1150 1000 
HPW3 250 250 450 2900 1300 2000 
450 250 450 2500 950 2250 
HPW2 200 300 650 2700 1000 1650 
400 250 700 2700 850 1800 
HPWl 400 800 500 2850 1300 2500 
500 650 700 2400 1600 2300 
Intake 1650 600 2200 700 1550 
Canal 1800 700 2050 950 1400 
Discharge 1500 550 2000 750 1300 
Canal 1450 400 2050 700 1250 
Discharge 800 1750 1050 3150 500 850 
1200 1600 800 2300 600 850 
CBE 600 800 650 9000 4200 3850 
650 1000 800 7950 4350 3800 
CBC 300 200 850 2400 1900 800 
500 250 800 2350 1500 750 
JI 550 250 550 1800 1700 3350 
500 300 500 1350 1850 3250 
* 
canal samples taken April 21 
** 
canal samples taken May 26 
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TableB2(Continued) 
Date 
*** Station July 15 Aug. 11 Sep. 14 Oct. 14 Nov. 17 Dec. 10 
DWS 1450 1550 6650 1150 350 550 
1600 1550 5200 950 400 550 
Intake 2300 2500 2750 1300 400 400 
2050 2400 2450 1350 500 350 
HPS 2900 2100 3850 1400 350 400 
3350 1900 4450 1500 350 400 
HPW3 2300 1700 1650 1100 450 600 
2700 1700 2200 1050 350 650 
HPW2 2300 1400 2900 900 350 450 
2450 1650 2950 1000 300 400 
HPWl 2650 1900 4450 1500 350 350 
2450 1850 5350 1350 350 350 
Intake 1050 1700 2100 1050 400 350 
Canal 650 2050 2800 1000 400 400 
Discharge 1050 2100 1800 1150 450 400 
Canal 800 1650 2200 1050 500 500 
Discharge 1100 1650 1850 1200 400 450 
1000 1250 1650 1050 300 400 
CBE 2600 2950 10250 1750 700 750 
3200 2500 12650 1800 500 700 
CBC 2450 4250 2150 950 450 250 
1850 3750 2250 1050 450 250 
JI 2200 1550 2550 600 500 550 
1950 1500 1950 650 400 400 
*** 
canal samples taken November 18 
Table B3 
James River Phytoplankton 1-21-76 
Dominant Organisms (cells per ml, 2 samples per station) 
STATION 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
Cryptophyta 
By Chroomonas sp. 50 50 50 50 50 50 150 
100 100 50 50 150 50 
Bacillariophyta 
Cyclotella 350 50 so 50 
I 
meneghiniana 50 50 100 100 50 50 50 ...... 
V1 
........ 
Skeletonema 193 326 44 6 55 41 444 9 82 6 I 
cos tatum 198 338 22 15 67 42 370 39 77 63 
Table B4 
James River Phytoplankton 2-20-76 
Dominant Organisms (cells per m1, 2 samples per station) 
Station 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8p Chroomonas sp. 50 50 50 50 100 0 50 0 50 0 50 100 
50 50 50 50 50 50 50 50 100 50 100 100 
Bacillariophyta 
Cyclotella 50 250 150 50 100 50 50 100 250 50 50 
I 
meneghiniana 50 150 100 50 250 200 250 100 ...... 
V1 
CX> 
Skeletonema 1038 1026 607 57 54 434 1116 1122 1167 485 84 32 I 
costa tum 942 993 650 80 73 421 1250 1021 994 628 32 17 
Nitzschia 5 9 9 6 8 18 8 7 3 4 6 2 
vermicular is 4 5 8 8 5 16 3 4 14 6 8 2 
Table BS 
James River Phytoplankton 3-24-76 
Dominant Organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE · CBE CBC JI 
Cryptophyta 
8p Chroomonas sp. 50 50 so 50 100 50 150 150 50 100 50 
50 150 so 50 100 150 100 100 50 100 50 
Bacillariophyta 
Cyclotella 100 so so 100 50 50 50 150 150 50 50 100 
menehginiana 50 100 200 50 100 150 50 50 50 50 200 100 
I 
Melosira 150 so 300 150 200 100 200 200 300 150 50 50 t-1 VI 
subsa1sa 50 50 150 300 200 200 100 150 100 \0 
I 
Ske1etonema 9 3 'l .J 
costa tum 2 4 
Nitzschia 50 200 150 100 250 100 100 50 250 50 400 200 
kiitzingiana 100 100 1SO 200 250 100 200 250 50 350 150 
Nitzschia 8 18 37 3 25 8 41 38 37 1 4 1 
vermicular is 6 20 23 4 13 4 30 34 29 0 2 2 
Microf1agellates 
3J.1 flagellate 50 50 50 50 50 
50 so 50 50 50 50 200 50 50 
Bp flagellate 50 50 100 150 100 100 100 150 300 100 50 
100 50 so 100 100 150 50 50 50 300 50 
Table B6 
James River Phytoplankton 4-23-76 
Dominant Organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8p Chroornonas sp. 350 200 650 900 850 900 100 150 100 6650 650 350 
250 150 750 850 600 600 100 150 100 6200 900 400 
Bacillariophyta 
Clclotel1a 450 1000 250 150 150 200 200 100 200 so so so 
rneneghiniana 450 950 so sd 100 200 100 200 250 so 100 so 
16 20 40 58 29 27 10 18 13 28 62 68 I Coscinodiscus ....... 
lacustris 12 27 22 so 33 21 16 21 18 20 60 61 "' 0 
I 
Melosira 1800 3650 450 150 100 200 550 600 900 600 750 500 
subsalsa 2300 3550 450 100 250 450 350 300 400 500 400 200 
Skeletonema 4 4 2 
costa tum 4 
-----
Nitzschia 200 3400 1050 1400 1350 1050 1050 900 1550 150 700 650 
klitzi.ngiana 500 3550 1000 1300 1550 1000 900 900 1350 50 650 450 
Nitzschia 1 34 3 2 3 16 8 10 1 
1ongissima 2 40 1 1 2 9 6 6 1 
Nitzschia 1 20 6 1 4 3 14 12 4 2 
vermicular is 1 9 6 1 4 11 12 8 
Micro flagellates 
3p flagellate 100 50 so 100 50 so 50 1100 100 100 
100 50 50 50 so so 50 50 750 100 100 
Bp flagellate so 50 50 50 50 50 50 600 50 50 50 50 50 50 50 50 100 50 50 100 550 
Table B7 
James River Phytoplankton 5-25-76 
Dominant Organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organisms DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8)1 Chroomonas sp. 150 250 200 400 400 300 200 200 200 700 250 900 
100 300 100 250 300 100 300 200 200 1000 200 850 
Bacillariophyta 
Cyclotella 100 100 150 200 100 100 50 50 50 100 200 50 
meneghiniana 100 50 100 100 100 150 100 150 100 200 200 
I 
Rhizosolenia 150 100 450 50 200 400 100 150 100 1950 250 50 .-0\ 
minima 200 200 450 50 100 500 150 150 100 1850 350 50 1-' I 
Melosira 50 50 50 50 50 150 50 
subsalsa 100 250 50 
Skeletonema 5 3 3 
costa tum 2 2 
Nitzschia 50 200 250 100 250 50 50 50 400 550 450 
kutzingiana 50 100 300 200 150 400 50 100 50 250 450 550 
Gyrosigma 14 1 2 7 6 5 1 
dis tor tum 1 12 1 1 3 4 7 1 
Microflagellates 
3p flagellate 100 50 50 250 50 50 50 50 600 550 150 
50 so 200 300 100 50 50 550 150 250 
8p flagellate 100 50 so 50 50 sa 150 100 
so 100 50 50 50 100 50 50 
Table B8 
James River Phytoplankton 6-23-76 
Dominant Organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organisms DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8p Chroomonas sp. 650 650 100 1050 650 350 500 200 50 350 450 2450 
700 450 150 1250 850 350 400 350 550 300 2400 
15p Cryptophyte 500 100 100 300 300 300 2650 50 300 
450 50 50 400 150 150 50 2550 50 300 
I 
Baci11ariophyta Jo-oA 0\ 
Cyclotella 150 50 50 50 50 250 100 100 100 50 N 
meneghiniana 50 100 50 50 50 150 100" 100 150 50 I 
Rhizosolenia 350 350 350 50 150 550 450 400 250 50 
minima 450 450 400 50 250 600 200 350 300 150 
Melosira 50 50 100 200 100 250 50 150 50 150 150 
subsalsa 50 350 150 300 200 50 100 50 150 
Nitzschia 100 600 400 200 200 100 300 400 300 500 250 150 
ki.itzingiana 50 350 250 150 150 150 350 300 300 500 200 150 
Pleurosigma 1 20 2 1 2 2 4 6 1 
delicatulum 1 13 3 1 1 4 2 5 
Gyrosigma 1 9 1 1 1 1 1 1 
distortum 1 7 1 1 2 1 2 
Microflagellates 
3p flagellate 50 50 50 300 250 450 50 250 
100 50 50 150 100 500 50 50 300 
Table B9 
James River Phytoplankton 7-15-76 
Dominant Organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8p. Chroomonas sp. 400 600 800 250 400 300 300 250 300 250 600 300 
550 550 650 350 500 450 300 250 250 350 450 350 
15p Cryptophyte 50 50 200 50 200 450 50 100 200 50 
50 250 so 300 300 400 200 150 
I 
.-
Chlorophyta 0\ w 
Pyrarnimonas sp. 100 150 150 100 50 100 50 50 50 100 50 I 
50 100 100 50 50 50 50 100 100 100 100 
Bacillariophyta 
Cyclotella 50 50 50 50 50 50 50 50 100 50 50 
meneghiniana 100 50 50 50 50 50 50 50 50 150 50 
Skeletonema 596 776 1254 1577 1206 1254 375 413 452 1202 827 1435 
costa tum 584 789 1797 1978 1150 1241 64 194 284 1344 556 1138 
Rhizoso1enia 50 50 50 50 50 50 50 150 50 50 
minima 50 50 50 50 50 50 50 50 200 50 50 
Nitzschia 200 200 300 250 250 250 150 50 150 350 250 150 
kutzingiana 150 200 300 150 300 200 50 200 150 250 150 
P1eurosigrna 8 28 4 2 4 2 6 6 8 4 
delicatulum 8 20 9 6 3 2 10 6 10 3 1 
Microflagellates 
3u flagellate so so so 100 so 100 so 150 200 2SO 100 
I 50 50 100 50 100 50 100 50 150 150 50 350 
Table BlO 
James River Phytoplankton 8-11-76 
Dominant Organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8p Chroomonas sp. 750 1250 650 500 450 550 750 650 400 1600 1850 300 
600 1300 650 850 450 750 850 600 300 1300 1300 300 
Pyrrophyta 
Katodinium 50 50 50 100 100 100 150 200 50 
rotunda tum 50 100 150 50 100 50 50 100 100 50 I ..... 
0'\ 
+"-Bacillariophyta I 
Le_etoc:llindrus 500 400 400 400 500 550 150 300 450 300 450 50 
minimus 400 650 400 100 300 400 350 350 300 350 500 150 
Skeletonema 16 37 50 165 174 90 52 16 26 212 107 394 
costa tum 24 21 64 176 54 104 84 16 14 198 96 408 
Rhizosolenia 50 150 50 100 50 100 50 100 150 50 
minima 50 50 50 50 50 50 50 100 100 150 
Nitzschia 50 150 300 200 200 50 100 100 50 100 50 300 
klitzingiana 50 50 100 100 100 50 50 200 50 150 250 
Pleurosigma 20 106 182 45 47 14 39 39 38 22 28 35 
delicatulum 16 119 102 53 77 12 53 38 26 19 18 46 
Microflagellates 
3p flagellate 150 50 50 250 50 200 250 250 50 250 150 
150 50 50 50 200 100 150 50 400 250 
Table Bll 
James River Phytoplankton 9-14-76 
Dominant organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
Sp Chroomonas sp. 2600 450 1300 200 950 1400 350 400 300 3350 550 750 
2150 750 1600 500 900 1500 550 300 350 4050 450 550 
16y Chroomonas sp. 100 50 150 50 100 50 50 50 1150 100 50 
50 50 200 50 100 100 100 50 100 700 150 100 
Pyrrophyta I 
......... 
Katodinium 250 50 150 200 200 50 50 600 100 150 0\ 
rotundatum 200 50 300 150 250 50 50 n nn Cl"\ C:l"\ V1 :1UU JV JV 
Chlorophyta 
Plramimonas sp. 300 50 100 50 50 50 50 ,.. " 'lC::I"\ C:l"\ !:;.(\ ::JU JJV JV JV 
100 150 50 50 350 100 50 50 200 50 50 
Baci1lariophyta 
Rhizosolenia 50 50 200 200 350 200 50 850 350 200 
minima 50 50 250 250 300 400 50 50 1950 300 250 
LeEtoc~lindrus 1450 200 350 250 250 500 250 200 150 1050 150 200 
minimus 1000 200 200 250 500 350 300 350 200 1250 200 150 
Skeletonema 300 100 200 100 200 300 200 50 450 950 150 400 
cos tatum 150 150 200 100 200 200 150 200 200 300 200 250 
Glrosi~ma 4 245 82 36 12 100 217 207 108 10 7 9 
beaufortianum 2 222 70 44 13 98 226 202 96 7 10 12 
Table Bl2 
James River Phytoplankton 10-14-76 
Dominant organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8u Chroomonas sp. 350 350 750 300 350 650 250 350 350 700 350 200 , 
350 300 700 300 300 600 300 350 300 700 400 250 
16p Chroomonas sp. 50 50 50 50 50 50 50 50 50 50 50 
50 100 100 50 50 50 50 50 50 
I 
15p Cryptophyte 50 50 50 150 50 50 50 50 50 100 50 .-0\ 
50 50 200 50 50 50 50 100 50 50 0\ I 
Pyrrophyta 
Katodinium 50 50 50 50 50 50 
rotunda tum 50 50 50 50 
Bacillariophyta 
Melosira 100 200 400 250 300 700 150 150 100 500 100 300 
sub salsa 250 350 550 200 350 300 250 150 100 300 250 350 
Rhizosolenia 50 50 50 50 50 50 50 
minima 50 50 50 50 50 
Nitzschia 200 200 100 100 100 100 150 150 100 150 200 50 
kiitzingiana 150 200 100 50 150 150 150 100 100 250 50 50 
P1eurosi~a 7 57 8 2 1 14 45 38 37 2 5 1 
de1icatu1um 8 60 2 2 2 6 32 36 40 2 4 
Gxrosisma 2 16 1 1 1 5 8 7 1 1 
beaufortianum 2 11 1 1 6 5 4 3 1 
Organism 
Microflagellates 
3p flagellate 
Table Bl2(Continued) 
James River Phytoplankton 10-14-76 
Dominant organisms (cells per ml, 2 samples per 
STATION 
INTAKE 
DWS INTAKE HPS HPW3 HPW2 HPWl CANAL 
200 50 50 100 50 200 200 
200 200 150 150 50 100 150 
station) 
DISCHARGE 
CANAL DISCHARGE CBE 
150 50 150 
50 150 200 
CBC 
50 
100 
JI 
100 
50 
I 
..-
0'\ 
........ 
I 
Table Bl3 
James River Phytoplankton 11-17-76 
Dominant organisms (cells per ml, 2 samples per station) 
STATION 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CANAL CANAL DISCHARGE CBE CBC JI 
Cryptophyte 
8u Chroomonas sp. 100 150 100 100 100 150 150 150 150 300 150 50 
I 150 200 50 50 150 150 150 100 100 150 150 200 
16p Chroomonas sp. 50 50 100 50 100 50 50 100 
50 50 50 50 50 50 50 50 
I 
Pyrrophyta ..... 0\ 
Katodinium 50 50 50 (X) I 
rotunda tum 50 50 50 
Bacillariophyta 
Nitzschia 100 50 100 200 200 100 50 150 50 150 250 200 
kutzingiana 100 50 150 250 150 100 50 100 50 100 200 150 
Nitzschia 1 1 1 1 1 
vermicu1aris 1 1 1 1 2 1 1 1 1 
Skeletonema 11 10 8 6 6 7 12 7 6 
costa tum 8 2 7 4 8 
Table B14 
James River Phytoplankton 12-10-76 
Dominant organisms (cells per ml, 2 samples per station) 
Station 
INTAKE DISCHARGE 
Organism DWS INTAKE HPS HPW3 HPW2 HPWl CAl'IAL CANAL DISCHARGE CBE CBC JI 
Cryptophyta 
8p Chroomonas sp. 200 200 100 50 150 150 150 200 250 400 150 100 
150 100 300 50 50 100 150 300 150 450 100 150 
Bacillariophyta 
Nitzschia 150 250 300 250 50 50 150 50 50 150 
kutzingiana 250 150 100 550 250 100 50 100 50 150 150 I 
.-
0\ 
Nitzschia 4 1 3 2 1 1 2 1 
"" vermicularis 2 3 2 1 2 I 1 
Skeletonema 6 13 4 6 
costa tum 3 6 4 
Micro flagellates 
3p flagellate 100 150 100 50 50 100 50 50 200 50 50 
150 100 50 50 150 150 50 150 100 
Table B15 
James River Zooplankton; January 21, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI 
Copepod 1 45.3 75.7 43.9 141.2 68.5 51.1 45.0 89.4 27.6 52.6 
nauplii 2 68.3 149.6 35.1 106.2 37.6 48.8 65.9 50.1 30.3 109.7 
X 56.8 112.7 39.5 123.7 53.0 49.9 55.5 69.8 29.0 81.1 
s 16.3 52.3 6.3 24.8 21.8 1.6 14.8 27.8 1.9 40.4 
s-X 11.5 37.0 4.4 17.5 15.4 1.2 10.4 19.7 1.3 28.5 
Bosmina sp. 1 3.0 0.0 0.0 4.3 23.5 0.0 
2 1.2 2.5 4.0 7.7 15.0 11.0 
X 2.1 1.2 2.0 6.0 19.3 5.5 
s 1.2 1.8 2.8 2.4 6.0 7.8 I 
s- 0.9 1.2 2.0 1.7 4.2 5.5 ~ 
X -....J 0 
I 
Harpacticoid 1 1.0 11.6 6.4 0.0 7.1 0.0 4.8 
copepods 2 0.0 7.5 5.1 2.4 15.0 5.1 5.5 
- 0.5 9.5 5.8 1.2 11.1 2.5 5.1 X 
s 0.7 2.9 0.9 1.7 5.6 3.6 0.5 
s-X 0.5 2.0 0.6 1.2 4.0 2.5 0.4 
Rotifers 1 235.2 319.7 224.3 494.4 161.3 119.2 278.0 242.4 108.0 148.2 
2 378.1 505.8 155.4 347.5 110.9 169.4 275.8 195.5 101.0 148.1 
X 306.7 412.8 189.8 420.9 136.1 144.3 276.9 219.0 104.5 148.2 
s 101.0 131.6 48.7 103.8 35.6 35.5 1.5 33.2 5.0 0.1 
s-X 71.4 93.1 34.5 73.4 25.2 25.1 1.1 23.5 3.5 0.1 
Polychaete 1 19.7 56.8 20.8 4.4 8.5 47.0 11.8 2.5 
larvae 2 10.6 99.7 12.5 4.0 15.4 41.5 12.5 7.6 
x 15.2 78.3 16.7 4.2 12.0 44.2 12.2 5.0 
s 6.4 30.4 5.8 0.3 4.9 3.9 0.5 3.6 
s-X 4.6 21.5 4.1 0.2 3.4 2.8 0.4 2.5 
Table B15(Continued) 
STATION 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI 
Acartia sp. 1 12.6 0.0 2.4 4.4 0.0 
2 19.0 5.0 9.6 5.9 2.7 
X 15.8 2.5 6.0 5.2 1.4 
s 4.5 3.5 5.1 1.1 1.9 
s-X 3.2 2.5 3.6 0.8 1.4 
Eurytemora sp. 1 10.8 35.8 13.9 31.7 15.5 27.7 25.4 4.7 5.0 31.1 
2 7.1 68.9 10.0 33.8 9.9 18.0 19.5 10.0 5.0 30.2 
x 9.0 52.3 12.0 32.7 12.7 22.8 22.5 7.4 5.0 30.6 
s 2.7 23.4 2.7 1.5 3.9 6.9 4.2 3.8 0.0 0.6 
s-X 1.9 16.6 1.9 1.1 2.8 4.8 3.0 2.7 0.0 0.5 
Cyclopoid 1 8.4 0.0 0.0 4.4 0.0 2.0 4.7 0.0 I 
copepods 2 7.1 ') c: ') /. 9.9 7.7 7.3 7.5 5.1 t-' L..J L.o"t -....,J 
x '7 0 1 'l 1 'l 7.2 3.8 4.6 6.1 2.5 t-' I • U ..LoL. ..LoL. I 
s 0.9 1.8 1 '7 3.9 1::: /, 3.8 ') () 3.6 ..L • I Jo"t' L.oV 
s-X 0.6 1.2 1 ') ..LoL. 2.7 3.8 2.7 1.4 2.5 
Pelecypod 1 4.4 0.0 
larvae 2 5.9 2.6 
X 5.2 1.3 
s 1.1 1.8 
s-X 0.8 1.3 
Cladocera 1 0.0 2.4 
(Unid.) 2 2.5 5.5 
X 1.2 3.9 
s 1.8 2.2 
s-X 1.2 1.5 
Gastropod 1 0.0 
larvae 2 1.2 
x 0.6 
s 0.8 
s-X 0.6 
Table Bl6 
James River Zooplankton; February 20, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 274.1 144.9 177.5 329.9 461.8 828.8 45.2 112.4 259.7 261.8 81.0 156.8 
nauplii 2 198.7 273.8 212.2 468.0 530.0 714.3 87.8 127.1 283.8 415.8 118.0 98.6 
X 236.4 209.3 194.8 399.0 495.9 771.6 66.5 119.8 271.8 338.8 99.5 127.7 
s 53.3 91.1 24.5 97.7 48.2 80.9 30.1 10.4 17.1 108.8 26.2 41.1 
sx 37.7 64.4 17.3 69.1 34.1 57.2 21.3 7.3 12.1 77.0 18.5 29.1 
Rotifers 1 680.5 473.3 304.0 759.2 405.8 1005.5 394.4 147.8 288.1 155.9 109.2 440.4 
2 830.3 723.2 431.6 962.1 445.2 1031.1 614.6 220.4 323.8 245.1 119.8 452.7 
x 755.4 598.3 367.8 860.7 425.5 1018.3 504.5 184.1 305.9 200.5 114.5 446.5 
105.9 176.7 90.3 143.5 27.8 18.1 155.7 51.3 25.3 63.1 7.5 8.7 I s 1-"' 
s- 74.9 124.9 63.8 101.5 19.7 12.8 110.1 36.3 17.9 44.6 5.3 6.2 ""' X N 
I 
Eurytemora sp. 1 63.6 36.5 23.2 38.4 103.8 155.1 22.6 19.0 73.8 19.5 31.7 33.5 
2 71.9 72.2 28.2 39.8 117.4 116.4 21.2 27.8 54.6 35.4 59.9 35.2 
X 67.8 54.3 25.7 39.1 110.6 135.7 21.9 23.4 64.2 27.4 45.8 34.4 
s 5.9 25.2 3.5 1.0 9.6 27.4 1.0 6.3 18.6 11.2 19.9 1.2 
s-X 4.2 17.8 2.5 0.7 6.8 19.4 0.7 4.4 9.6 7.9 14.1 0.9 
Cyc1opoid 1 2.6 0.0 11.5 2.3 4.7 1.7 3.8 5.7 1.2 3.5 26.4 
copepods 2 1.2 1.4 23.3 16.5 2.3 0.0 0.0 2.7 0.0 24.7 28.2 
x 1.9 0.7 17.4 9.4 3.5 0.8 1.9 4.2 0.6 14.1 27.3 
s 1.0 1.0 8.4 10.1 1.6 1.2 2.7 2.1 0.9 15.0 1.2 
s-X 0.7 0.7 5.9 7.1 1.2 0.8 1.9 1.5 0.6 10.6 0.9 
Acartia sp. 1 1.3 1.3 1.1 1.2 5.0 1.3 0.0 3.6 0.0 1.8 
2 0.0 3.7 0.0 0.0 12.1 1.2 2.7 6.1 3.5 0.0 
X 0.7 2.5 0.6 0.6 8.6 1.2 1.3 4.9 1.8 0.9 
s 0.·9 1.7 0.8 0.8 5.0 0.0 1.9 1.7 2.5 1.2 
s-X 0.7 1.2 0.6 0.6 3.6 0.0 1.3 1.2 1.8 0.9 
Table Bl6(Continued) 
STATION 
!NT DIS 
Organism DWS !NT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Harpacticoid 1 1.3 2.2 11.5 10.2 3.5 3.3 5.0 3.5 15.8 
copepods 2 2.4 1.4 4.9 4.1 1.2 3.2 3.0 3.5 19.4 
X 1.9 1.8 8.2 7.2 2.3 3.3 4.0 3.5 17.6 
s 0.8 0.6 4.7 4.3 1.6 0.1 1.4 0.0 2.5 
s-X 0.6 0.4 3.3 3.0 1.2 0.1 1.0 0.0 1.8 
Bosmina sp. 1 1.3 3.3 2.6 5.6 3.5 3.3 2.5 0.0 12.8 9.7 3.5 5.3 
2 0.0 2.7 1.2 1.4 1.2 3.2 0.0 1.2 18.7 7.3 3.5 5.3 
X 0.7 3.0 1.9 3.5 2.3 3.3 1.3 0.6 15.7 8.5 3.5 5.3 
s 0.9 0.4 0.9 3.0 1.6 0.1 1.8 0.9 4.2 1.7 0.0 0.0 
s-
X 
0.7 0.3 0.7 2.1 1.2 0.1 1.3 0.6 3.0 1.2 0.0 0.0 I 
1-' 
Fish larvae 1 0.0 1.1 0.0 -.....J LIJ 
2 1.2 0.0 6.0 I 
X 0.6 0.6 3.0 
s 0.9 0.8 4.3 
s-X 0.6 0.6 3.0 
Gastropod 1 0.0 0.0 
larvae 2 1.2 1.2 
X 0.6 0.6 
s 0.9 0.9 
s-X 0.6 0.6 
Cladocera 1 3.5 1.2 
(Unid.) 2 1.2 2.4 
x 2.3 1.8 
s 1.6 0.9 
s- 1.2 0.6 
X 
Polychaete 1 1.8 3.5 
2 0.0 3.5 
X 0.9 3.5 
s 1.2 0.0 
s- 0.9 0.0 X 
Organism 
Barnacle 
nauplii 
1 
2 
X 
s 
sx 
DWS 
Table B16(Continued) 
STATION 
INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI 
INT 
CANAL 
DIS 
CANAL 
1.8 
0.0 
0.9 
1.2 
0.9 
Table Bl7 
James River Zooplankton; March 24, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HP\v 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 21.2 45.0 27.1 8.7 19.4 42.9 84.6 39.4 23.9 21.6 197.3 102.2 
nauplii 2 39.9 42.3 94.4 8.1 45.5 34.2 41.0 27.3 24.5 30.8 98.6 31.7 
x 30.6 43.6 60.8 8.4 32.5 38.6 62.8 33.4 24.2 26.2 148.0 66.9 
s 13.3 1.9 47. 6 0.4 18.5 6.1 30.8 8.5 0.5 6.5 69.8 49.8 
s- 9.4 1.3 X 33.6 0.3 13.1 4.3 21.8 6.0 0.3 4.6 49.3 35.2 
Harpacticoid 1 1.2 1.4 121.2 17.4 50.4 25.8 40.3 16.0 21.2 1.2 26.4 24.7 
copepods 2 3.1 4.0 193.2 9.4 70.4 14.7 14.9 10.1 45.5 5.4 29.9 5.3 
X 2.2 2.7 157.2 13.4 60.4 20.2 27.6 13.0 33.4 3.3 28.2 15.0 
s 1.3 1.8 50.9 5.6 14.1 7.8 17.9 4.2 17.2 2.9 2.5 13.7 I 
0.9 1.3 26.0 4.0 10.0 ~ ~ 12.7 3.0 12.2 2.1 1.8 9.7 t-s- .Jo.J '-1 X U'1 
I 
Bosmina sp. 1 o.o 0.0 1 ') 0.0 n. n. .L..oL.. v.v 
2 1.5 2.0 0.0 1.4 3.5 
x 0.8 1.0 0.6 0.7 1.8 
s 1.1 1.4 0.9 1.0 2.5 
s-X 0.8 1.0 0.6 0.7 1.8 
Eur:ltemora sp. 1 1.2 1.4 1.8 1.2 2.5 5.3 1.2 3.5 10.6 
2 1.5 4.0 4.3 0.0 1.4 17.5 2.7 21.1 0.0 
- 1.4 2.7 3. 0 0.6 2.0 11.4 1.9 12.3 5.3 X 
s 0.2 1.8 1.8 0.9 0.7 8.6 1.0 12.5 7.5 
s- 0.2 1.3 1.2 0.6 0.5 6.1 0.7 8.8 5.3 X 
Cyclopoid 1 1.2 3.9 4.0 5.3 1.2 1.8 0.0 
copepods 2 4.0 4.1 3.7 3.5 0.0 1.8 1.8 
- 2.6 4.0 3.9 4.4 0.6 1.8 0.9 X 
s 2.0 0.2 0.2 1.3 0.8 0.0 1.2 
s- 1.4 0.1 0.2 0.9 0.6 0.0 0.9 
X 
Table B17(Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Rotifers 1 1.2 2.9 2.2 25.8 4.8 1.8 1.8 
2 1.5 2.0 0.0 8.6 12.0 1.8 0.0 
x 1.4 2.5 1.1 17.2 8.4 1.8 0.9 
s 0.2 0.6 1.5 12.2 5.1 0.0 1.2 
s- 0.2 X 0.4 1.1 8.6 3.6 0.0 0.9 
Barnacle 1 6.2 2.9 6.4 26.4 22.9 
nauplii 2 6.1 10.1 12.2 24.7 17.6 
X 6.2 6.5 9.3 25.5 20.3 
s 0.1 5.1 4.1 1.2 3.7 
s-X 0.1 3.6 2.9 0.9 2.6 
Pelecypod 1 1.8 0.0 I 
...... larvae 2 0.0 4.1 """-l 
x 0.9 2.1 0\ I 
s 1.3 2.9 
s-X 0.9 2.1 
Polychaete 1 3.5 1.8 
larvae 2 5.3 0.0 
-
X 4.4 0.9 
s 1.2 1.2 
s-X 0.9 0.9 
Cladocera 1 0.0 
(Unid.) 2 1.8 
X 0.9 
s 1.2 
s-
X 
0.9 
Amp hi pods 1 0.0 
2 1.8 
x 0.9 
s 1.2 
s- 0.9 X 
Table Bl8 
James River Zooplankton; April 23, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 322.6 195.2 151.8 458.5 433.8 213.3 321.4 323.4 153.3 110.8 177.9 160.3 
nauplii 2 192.8 283.1 284.2 629.6 413.0 130.7 301.5 402.4 145.6 59.2 146.2 74.0 
- 257.7 239.1 218.0 544.1 423.4 172.0 311.5 362.9 149.5 85.0 162.1 117.1 X 
s 91.8 62.2 93.6 121.0 14.7 58.4 14.1 55.8 5.5 36.5 22.4 61.0 
s-X 64.9 44.0 66.2 85.6 10.4 41.3 10.0 39.5 3.9 25.8 15.9 43.2 
Rotifers 1 17.1 195.2 361.1 441.0 451.1 181.0 128.6 404.0 1130.8 190.5 0.0 
2 11.7 325.0 589.5 462.9 499.2 198.4 162.5 441.1 2036.8 117.0 37.0 
X 14.4 260.1 475.3 452.0 475.1 189.7 145.5 422.6 1583.8 153.8 18.5 
s 3.8 91.8 161.5 15.5 34.0 12.3 24.0 26.2 640.6 52.0 26.2 I 
2.7 64.9 11 /, ') 1 1 (\ 24.0 8.7 17.0 18.5 453.0 36.8 18.5 .-s- ..J....l.....,. ..... ..L...L. v 
....... X 
-....J 
3.5 14.1 I Euryternora sp. 1 33.0 13.4 Q() 1 C./, c:: 7'>. '). 59.8 5.1 0.0 15.1 22.2 UVo..L V'-t"o..J /..Jo..J 
2 18.2 19.5 85.4 85.8 55.0 42.1 9.8 2.7 25.1 9.4 1.8 1.8 
x 25.6 16.5 82.8 75.2 64.1 50.9 7.4 1.3 20.1 15.8 2.6 7.9 
s 10.4 4.3 3.8 15.0 12.9 12.5 3.3 1.9 7.1 9.0 1.2 8.7 
s-X 7.4 3.0 2.7 10.6 9.2 8.9 2.4 1.3 5.0 6.4 0.9 6.2 
Acartia sp. 1 1.5 14.4 2.7 4.3 1.6 1.7 0.0 0.0 1.5 0.0 
2 7.0 8.4 0.0 0.0 0.0 0.0 1.3 3.1 0.0 1.8 
x 4.2 11.4 1.4 2.2 0.8 0.8 0.7 1.6 0.7 0.9 
s 3.9 4.2 1.9 3.0 1.2 1.2 0.9 2.2 1.1 1.2 
s-X 2.7 3.0 1.4 2.2 0.8 0.8 0.7 1.6 0.7 0.9 
Harpacticoid 1 64.6 18.8 33.0 19.4 25.4 5.4 12.3 7.4 3.5 3.5 
copepods 2 37.8 11.3 22.3 12.0 15.7 9.3 26.6 8.1 12.3 3.5 
x 51.2 15.1 27.7 15.7 20.5 7.4 19.5 7.7 7.9 3.5 
s 18.9 5.3 7.6 5.2 6.9 2.8 10.1 0.5 6.2 0.0 
s-
X 
13.4 3.8 5.4 3.7 4.9 2.0 7.1 0.4 4.4 0.0 
Table B18(Continued) 
STATION 
!NT DIS 
Organism DWS !NT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Barnacle 1 44.2 1.3 40.4 8.5 0.0 1.8 3.5 
nauplii 2 74.2 8.1 19.5 13.7 1.3 8.8 0.0 
X 59.2 4.7 30.0 11.1 0.7 5.3 1.8 
s 21.2 4.8 14.8 3.7 1.0 5.0 2.5 
s-X 15.0 3.4 10.4 2.6 0.7 3.5 1.8 
Pelecypod 1 0.0 1.6 0.0 1.8 
larvae 2 1.4 0.0 2.0 0.0 
x 0.7 0.8 1.0 0.9 
s 1.0 1.2 1.4 1.2 
s-X 0.7 0.8 1.0 0.9 
Polychaete 1 6.0 14.4 2.7 0.0 1.7 22.9 1.8 I 
larvae 2 1.4 4.2 1.6 1.5 3.9 14.1 0.0 t-' ......., 
X 3.7 9.3 2.2 0.7 2.8 18.5 0.9 00 I 
s 3.2 7.2 0.8 1.0 1.·6 6.2 1.2 
s-X 2.3 5.1 0.5 0.7 1.1 4.4 0.9 
Gastropod 1 1.4 0.0 0.0 
larvae 2 0.0 1.5 3.5 
x 0.7 0.8 1.8 
s 1.0 1.1 2.5 
s- 0.7 
X 
0.8 1.8 
Cladocera 1 0.0 2.7 
(Unid.) 2 1.4 0.0 
- 0.7 1.4 X 
s 1.0 1.9 
s-X 0.7 1.4 
Cyclopoid 1 6.5 0.0 
copepods 2 1.5 4.0 
x 4.0 2.0 
s 3.5 2.8 
s-X 2.5 2.0 
Organism 
Fish larvae 
Amp hi pods 
1 
2 
-X 
s 
sx 
1 
2 
-X 
s 
s-
x 
DWS INT 
Table Bl8(Continued) 
STATION 
HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI 
INT DIS 
CANAL CANAL 
1.8 
3.5 
2.6 
1.2 
0.9 
8.8 
29.9 
19.4 
14.9 
10.6 
Table Bl9 
James River Zooplankton; May 25, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
!NT DIS 
Organism DWS !NT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 197.4 46.7 397.2 519.3 162.5 575.8 80.3 574.7 537.9 246.4 192.0 33.5 
nauplii 2 124.0 116.4 329.5 323.7 176.8 399.8 73.7 641.2 472.6 451.2 116.3 160.3 
x 160.7 81.5 363.3 421.5 169.6 487.8 77.0 608.0 505.3 348.8 154.1 96.9 
s 51.9 49.3 47.9 138.4 10.1 124.4 4.7 4 7 .o 46.1 144.8 53.6 89.7 
s-X 36.7 34.8 33.8 97.8 7.1 88.0 3.3 33.2 32.6 102.4 37.9 63.4 
Acartia sp. 1 30.2 6.5 4.9 0.0 9.6 1.5 3.9 5.1 8.7 17.6 
2 16.3 9.2 0.0 1.3 3.6 0.0 4.6 3.6 7.2 33.5 
X 23.2 7.8 2.4 0.7 6.6 0.8 4.3 4.4 8.0 25.5 
s 9.8 1.9 3.5 1.0 4.2 1.0 0.5 1.1 1.1 11.2 I 
s- 7.0 1.3 2.4 0.7 3.0 0.8 0.3 0.7 0.8 7.9 .-X CX> 
0 
Barnacle 1 8.8 13.0 2.4 1.1 3.6 24.2 21 . .5 12.8 18.6 14.5 33.5 14.1 I 
nauplii 2 4.1 15.7 0.0 2.7 7.3 18.2 16.1 32.5 8.6 5.6 56.4 79.3 
-
X 6.4 14.4 1.2 1.9 5.4 21.2 18.8 22.7 13.6 10.1 44.9 46.7 
s 3.3 1.9 1.7 1.1 2.6 4.2 3.8 14.0 7.0 6.3 16.2 46.1 
s-X 2.4 1.3 1.2 0.8 1.8 3.0 2.7 9.9 5.0 4.4 11.4 32.6 
Rotifers 1 25.2 3.3 18.3 9.8 15.6 30.2 2.0 7.7 3.3 7.2 
2 15.3 27.5 3.7 14.7 17.0 56.2 0.0 31.3 40.2 1.4 
x 20.2 15.4 11.0 12.2 16.3 43.2 1.0 19.5 21.8 4.3 
s 7.0 17.1 10.4 3.5 0.9 18.4 1.4 16.7 26.1 4.1 
s-X 5.0 12.1 7.3 2.5 0.6 13.0 1.0 11.8 18.5 2.9 
Harpacticoid 1 1.3 0.0 3.7 1.1 0.0 4.5 0.0 1.3 1.1 4.8 7.0 
copepods 2 0.0 1.3 1.2 1.3 1.2 1.5 2.3 1.2 2.9 4.2 14.1 
- 0.6 0.6 X 2.4 1.2 0.6 3.0 1.6 1.2 2.0 4.5 10.6 
s 0.9 0.9 1.7 0.2 0.9 2.1 1.6 0.1 1.3 0.4 5.0 
s-
X 
0.6 0.6 1.2 0.1 0.6 1.5 1.6 0.0 0.9 0.3 3.5 
Table B19 (Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Eurytemora sp. 1 2.5 2.2 15.9 21.7 28.9 28.7 2.0 81.7 29.5 7.2 5.3 1.8 
2 0.0 0.0 3.7 12.0 38.7 35.0 6.9 59.1 58.9 30.9 1.8 1.8 
x 1.3 1.1 9.8 16.9 33.8 31.8 4.4 70.4 44.2 19.1 3.5 1.8 
s 1.8 1.5 8.6 6.8 7.0 4.4 3.5 16.0 20.8 16.8 2.5 0.0 
s- 1.3 1.1 
X 
6.1 4.8 4.9 3.1 2.5 11.3 14.7 11.8 1.8 0.0 
Polychaete 1 0.0 2.2 2.4 7.6 11.8 3.8 0.0 1.2 5.3 1.8 
larvae 2 1.2 0.0 0.0 1.5 6.9 1.2 2.9 1.4 3.5 5.3 
- 0.6 X 1.1 1.2 4.5 9.3 2.5 1.4 1.3 4.4 3.5 
s 0.9 1.5 1.7 4.3 3.4 1.9 2.0 0.1 1.2 2.5 
s-X 0.6 1.1 1.2 3.0 2.4 1.3 1.4 0.1 0.9 1.8 
Cyclopoid 1 2.4 0.0 I 
t--1 
copepods 2 0.0 1.8 CX> 
x 1.2 0.9 t--1 I 
s 1.7 1.2 
s- 1.2 0.9 X 
Bosmina sp. 1 0.0 
2 1.2 
- 0.6 X 
s 0.8 
s- 0.6 X 
Decapod 1 2.0 0.0 0.0 
larvae 2 0.0 1.4 5.3 
x 1.0 0.7 2.6 
s 1.4 1.0 3.7 
s-
X 
1.0 0.7 2.6 
Gastropod 1 3.5 
larvae 2 0.0 
x 1.8 
s 2.5 
s- 1.8 X 
Table B20 
James River Zooplankton; June 23, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism mvs INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CA..~AL 
Copepod 1 1021.7 2182.3 596.0 990.2 1852.1 784.4 301.7 219.7 1104.9 944.6 549.6 251.9 
nauplii 2 746.9 1814.4 722.3 1423.5 1332.8 1105.8 187.8 246.6 1206.2 802.8 183.2 225.4 
X 884.3 1998.3 659.1 1206.8 1592.4 945.1 244.8 233.2 1155.5 873.7 366.4 238.7 
s 194.3 260.1 89.3 306.4 367.2 227.3 80.5 19.0 71.6 100.3 259.1 18.7 
s-X 137.4 183.9 63.1 216.7 259.6 160.7 56.9 13.4 50.6 70.9 183.2 13.2 
Harpacticoid 1 8.5 6.6 17.1 1.1 9.2 3.3 18.5 6.1 15.7 3.3 26.4 5.3 
copepods 2 4.8 4.2 13.1 4.5 7.5 1.1 9.1 7.6 13.4 9.4 10.6 1.8 
- 6.6 5.4 15.1 2.8 8.4 2.2 13.8 6.8 14.6 6.4 18.5 3.5 X 
2.7 1.7 2.8 2.4 1.2 1.5 6.7 1.1 1.6 4.3 11.2 2.5 I s t---' 
s- 1.9 1.2 2.0 1.7 0.8 1.1 4.7 0.8 1.1 3.0 7.9 1.8 (X) X N 
I 
Eurytemora sp. 1 197.8 635.7 321.4 86.8 105.9 117.3 156.5 11.0 76.0 74.8 123.3 33.5 
2 147.2 594.1 219.3 150.9 84.0 141.8 124.2 31.5 44.0 72.9 142.7 14.1 
x 172.5 614.9 270.3 118.9 95.0 129.5 140.4 21.2 60.0 73.8 133.0 23.8 
s 35.7 29.4 72.2 45.3 15.4 17.3 22.8 14.5 22.6 1.4 13.7 13.7 
s-X 25.3 20.8 51.0 32.1 10.9 12.2 16.2 10.2 16.0 1.0 9.7 9.7 
Barnacle 1 29.3 59.0 10.3 3.4 0.0 4.3 11.3 8.5 2.6 17.9 21.1 1.8 
nauplii 2 30.9 64.2 7.6 0.0 1.1 1.1 12.1 6.5 3.7 3.5 14.1 5.3 
x 30.1 61.6 9.0 1.7 0.5 2.7 11.7 7.5 3.2 10.7 17.6 3.5 
s 1.1 3.7 1.8 2.4 0.8 2.3 0.6 1.4 0.7 10.1 5.0 2.5 
s-X 0.8 2.6 1.3 1.7 0.5 1.6 0.4 1.0 0.5 7.2 3.5 1.8 
Acartia sp. 1 112.3 983.0 63.8 3.4 7.2 14.1 6.2 1.3 11.2 308.3 82.8 
2 143.7 587.1 46.9 2.2 8.6 7.9 10.1 0.0 9.4 149.7 47.6 
- 128.0 785.1 55.4 2.8 7.9 11.0 8.1 0.7 10.3 229.0 65.2 X 
s 22.2 279.9 12.0 0.8 1.0 4.4 2.8 0.9 1.2 112.1 24.9 
s-
X 
15.7 197.9 8.4 0.6 0.7 3.1 2.0 0.7 0.9 79.3 17.6 
Table E20 (Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Cyclopoid 1 1.2 2.6 22.8 9.1 10.9 21.6 3.7 14.4 2.2 1.8 8.8 
copepods 2 o.o 0.0 14.2 29.3 7.9 14.1 0.0 6.1 0.0 0.0 0.0 
- 0.6 1.3 18.5 19.2 9.4 X 17.9 1.8 10.3 1.1 0.9 4.4 
s 0.9 1.8 6.1 14.2 2.1 5.3 2.6 5.9 1.6 1.2 6.2 
s- 0.6 1.3 
X 
4.3 10.1 1.5 3.7 1.8 4.2 1.1 0.9 4.4 
Bosmina sp. 1 11.4 14.4 14.1 2.4 76.0 48.0 
2 29.3 22.6 18.0 6.5 155.2 68.2 
X 20.4 18.5 16.1 4.5 115.6 58.1 
s 12.6 5.8 2.7 2.9 56.0 14.3 
S:: Q a 4.1 1 a :2.0 'la c. 1 (\ 1 Vo../ J...oj ..J..JeV ..LVe..L 
X 
Rotifers 1 11.0 30.1 5.7 7.2 15.9 0.0 I 
2 2.4 8.4 0.0 3.2 5.4 8.6 J--1 (X) 
X 6.7 19.3 2.8 5.2 10.6 4.3 w I 
s 6.1 15.4 4.0 2.8 7.4 6.0 
s-X 4.3 10.9 2.8 2.0 5.2 4.3 
Pelecypod 1 2.4 1.1 0.0 0.0 0.0 0.0 
larvae 2 1.2 0.0 1.1 1.1 1.1 1.2 
X 1.8 0.6 0.6 0.6 0.6 0.6 
s 0.9 0.8 0.8 0.8 0.8 0.8 
s-X 0.6 0.6 0.6 0.6 0.6 0.6 
Polychaete 1 0.0 22.3 2.3 6.2 8.8 12.3 
larvae 2 1.2 12.6 6.6 2.0 12.3 3.5 
x 0.6 17.4 4.4 4.1 10.6 7.9 
s 0.8 6.9 3.0 2.9 2.5 6.2 
s- 0.6 4.9 2.1 2.1 1.8 4.4 X 
Table B20 (Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Cladocera 1 1.1 1.0 0.0 19.7 2.2 
(Unid.) 2 1.1 0.0 1.1 0.0 1.2 
X 1.1 0.5 0.6 9.8 1.7 
s 0.0 0.7 0.8 13.9 0.7 
s-X 0.0 0.5 0.6 9.8 0.5 
Gastropod 1 3.9 0.0 
larvae 2 0.0 1.1 
- 2.0 0.6 X 
s 2.8 0.8 
s-X 2.0 0.6 
Decapod 1 9.2 3.1 1.8 1.8 I 
larvae 2 0.0 0.0 1.8 0.0 ~ CX> 
x 4.6 1.6 1.8 0.9 .p. I 
s 6.5 2.2 0.0 1.2 
s- 4.6 
X 
1.6 0.0 0.9 
Amphipods 1 1.0 5.3 1.8 
2 0.0 84.6 5.3 
X 0.5 44.9 3.5 
s 0.7 56.0 2.5 
s-X 0.5 39.6 1.8 
Water Mite 1 1.8 3.5 
2 0.0 0.0 
x 0.9 1.8 
s 1.2 2.5 
s- 0.9 1.8 
X 
Fish larvae 1 29.9 
2 21.1 
x 25.5 
s 6.2 
s-X 4.4 
Table B21 
James River Zooplankton; July 15, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism m..rs INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 560.2 233.3 546.9 802.9 2316.4 243.4 198.2 1369.4 2956.8 1446.2 564.4 169.3 
nauplii 2 747.3 379.1 755.7 1357.5 2910.5 523.6 433.6 1002.0 2759.7 3735.3 111.1 127.0 
X 653.8 306.2 651.3 1080.2 2613.5 383.6 315.9 1185.7 2858.2 2590.8 337.7 148.2 
s 132.3 103.1 147.7 392.2 420.1 198.1 166.4 259.7 139.4 1618.6 320.5 29.9 
s-X 93.5 72.9 104.4 277.3 297.1 140.1 117.7 183.6 98.6 1144.5 226.6 21.2 
Polychaete 1 4.5 8.5 9.8 1.4 0.0 1.5 8.6 4.9 11.3 3.5 14.1 37.0 
larvae 2 1.5 10.0 25.4 6.0 2.0 0.0 0.0 3.1 8.9 0.0 15.9 12.3 
x 3.0 9.2 17.6 3. 7 1.0 0.8 4.3 4.0 10.1 1.8 15.0 24.7 
s 2.1 1.1 11.1 3.2 1.4 1.1 6.1 1.2 1.7 2.5 1.2 17.5 I 
s- 1.5 0.7 7.8 2.3 1.0 0.8 4.3 0.9 1.2 1.8 0.9 12.4 t--' X 00 
V1 
Barnacle 1 19.4 33.9 24.4 1.4 5.7 42.1 418.0 42.1 72.4 54.5 548.5 1259.3 I 
nauplii 2 10.5 69.8 25.4 6.0 2.0 71.1 770.1 20.3 82.3 43.0 410.9 1008.8 
-
X 15.0 51.9 24.9 3.7 3.8 56.6 594.1 31.2 77.3 48.7 479.7 1134.0 
s 6.3 25.4 0.7 3.2 2.6 20.5 248.9 15.4 7.0 8.1 97.3 117.1 
s-X 4.5 18.0 0.5 2.3 1.9 14.5 176.0 10.9 5.0 5.8 68.8 125.2 
Cyclopoid 1 1.5 8.5 24.4 4.3 1.4 1.5 25.9 1.6 11.3 3.5 
copepods 2 0.0 0.0 23.5 4.0 4.0 0.0 15.0 6.2 4.4 19.5 
x 0.8 4.2 24.0 4.2 2.7 0.8 20.4 3.9 7.9 11.5 
s 1.0 6.0 0.6 0.2 1.8 1.1 7.7 3.3 4.8 11.3 
s- 0.8 4.2 0.5 0.2 1.3 0.8 5.5 2.3 3.4 8.0 
X 
Cladocerans 1 0.0 2.9 2.8 1.5 0.0 4.9 20.4 10.5 
2 2.0 8.0 4.0 3.5 7.5 4.7 2.2 19.5 
X 1.0 5.4 3.4 2.5 3.7 4.8 11.3 15.0 
s 1.4 3.6 0.8 1.4 5.3 0.1 12.8 6.4 
s-X 1.0 2.5 0.6 1.0 3.7 0.1 9.1 4.5 
Table B21 (Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Rotifers 1 76.2 25.4 12.2 14.5 5.7 4.5 185.3 0.0 
2 234.1 214.5 23.5 41.7 53.4 1.7 44.9 6.7 
x 155.1 120.0 17.8 28.1 29.5 3.1 115.1 3.3 
s 111.6 133.7 8.0 19.3 33.7 2.0 99.3 4.7 
s-X 79.0 94.5 5.6 13.6 23.8 1.4 70.2 3.3 
Eurytemora sp. 1 171.8 59.4 119.6 127.3 156.5 39.1 64.6 114.9 459.2 205.6 5.3 0.0 
2 213.1 144.7 158.6 151.1 252.9 71.1 201.9 67.2 273.5 500.1 1.8 1.8 
x 192.4 102.0 139.1 139.2 204.7 55.1 133.3 91.1 366.4 352.9 3.5 0.9 
s 29.2 60.3 27.5 16.8 68.2 22.6 97.0 33.7 131.3 208.3 2.5 1.2 
s-X 20.6 42.6 19.5 11.9 48.2 16.0 68.6 23.8 92.9 147.3 1.8 0.9 
Gastropod 1 1.5 4.2 6.1 1.4 1.4 0.0 8.6 0.0 0.0 82.9 21.2 I 
larvae 2 0.0 0.0 5.9 0.0 0.0 1.7 15.0 1.6 3.9 12.3 1.8 .-CX> 
- 0.8 2.1 6.0 0.7 0.7 0.9 11.8 0.8 2.0 47.6 11.5 0'\ X I 
s 1.0 3.0 0.2 1.0 1.0 1.2 4.·5 1.1 2.8 49.9 13.7 
s-X 0.8 2.1 0.1 0.7 0.7 0.9 3.2 0.8 2.0 35.3 9.7 
Harpacticoid 1 1.5 9.8 2.9 1.4 3.0 12.9 7.0 10.6 
copepods 2 7.5 9.8 9.9 5.9 5.2 0.0 3.5 5.3 
x 4.5 9.8 6.4 3.7 4.1 6.5 5.3 7.9 
s 4.2 0.0 5.0 3.2 1.6 9.1 2.5 3.7 
s-X 3.0 0.0 3.5 2.3 1.1 6.5 1.8 2.6 
Acartia sp. 1 55.1 6.1 1.4 1.6 8.8 12.3 24.7 
2 10.0 9.8 15.9 0.0 27.4 17.6 19.4 
x 32.6 8.0 8.7 0.8 18.1 15.0 22.0 
s 31.9 2.6 10.2 1.2 13.1 3.8 3.7 
s-
X 
22.6 1.8 7.2 0.8 9.3 2.6 2.6 
Decapod 1 1.5 4.2 0.0 1.8 
larvae 2 0.0 0.0 2.0 3.5 
X 0.8 2.1 1.0 2.6 
s 1.0 3.0 1.4 1.2 
s-X 0.8 2.1 1.0 0.9 
Table B21 (Continued) 
STATION 
INT DIS 
Organism D\.JS INT HPS HPW 3 HPW 'l HP\.J 1 DIS CBE CBC JI CANAL CANAL .t.. 
Water Mites 1 0.0 
2 5.0 
- 2.5 X 
s 3.5 
s-X 2.5 
Nematodes 1 1.2 
2 0.0 
- 0.6 X 
s 0.9 
s- (\ h VoV 
X 
I 
Pelecypod 1 1.5 0.0 0.0 3.5 t-' 00 larvae 2 0.0 7.5 3.9 0.0 ....... 
- 0.8 3.7 2.0 1.8 I X 
s 1.1 5.3 2.8 2.5 
s-
X 
0.8 3.7 2.0 1.8 
Amp hi pods 1 3.5 1.8 
2 0.0 5.3 
X 1.8 3.5 
s 2.5 2.5 
s- 1.8 1.8 X 
Isopods 1 1.8 
2 0.0 
x 0.9 
s 1.2 
s-X 0.9 
Table B22 
James River Zooplankton; August 11, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 798.5 1976.3 3762.4 1663.1 6994.5 611.5 374.5 821.3 476.3 664.4 525.6 213.4 
nauplii 2 941.1 912.2 1973.8 759.6 3697.8 394.0 332.2 737.9 438.6 700.4 520.3 157.0 
X 869.8 1444.2 2868.1 1211.4 5346.2 502.8 353.4 779.6 457.5 682.4 522.9 185.2 
s 100.9 752.4 1264.7 638.9 2331.2 153.8 29.9 59.0 26.7 25.4 3.7 39.9 
s-X 71.3 532.1 894.3 451.8 1648.4 108.8 21.2 41.7 18.8 18.0 2.6 28.2 
Barnacle 1 76.0 366.5 155.2 24.6 139.9 749.5 1111.3 104.6 76.0 83.6 844.8 726.6 
nauplii 2 101.3 164.5 179.4 15.5 12.9 767.1 1091.5 82.6 51.8 52.4 663.1 661.4 
x 88.7 265.5 167.3 20.1 76.4 758.3 1101.4 93.6 63.9 68.0 754.0 694.0 
s 17.8 142.8 17.2 6.5 89.8 12.4 14.0 15.6 17.1 22.1 128.4 46.1 I 
s- 12.6 101.0 12.2 4.6 63.5 8.8 9.9 11.0 12.1 15.6 90.8 32.6 f--1 X (X) (X) 
Rotifers 1 114.1 248.7 155.1 86.2 104.9 40.7 33.5 138.3 74.1 66.0 I 
2 37.6 67.3 568.2 37.6 90.5 24.9 145.8 133.7 55.0 119.5 
X 75.8 158.0 361.7 62.0 97.7 32.8 89.6 136.0 64.6 92.7 
s 54.1 128.3 292.1 34.4 10.2 11.2 79.4 3.2 13.5 37.8 
s- 38.2 90.7 206.5 24.3 7.2 7.9 56.1 2.3 9.6 26.7 
X 
Eur:ytemora sp. 1 38.0 104.7 155.1 24.6 209.8 1.4 42.6 13.5 50.0 446.6 7.0 1.8 
2 50.6 37.4 89.7 17.7 38.8 3.9 6.8 13.1 40.5 510.6 0.0 1.8 
-X 44.3 71.0 122.4 21.2 124.3 2.7 24.7 13.3 45.2 478.6 3.5 1.8 
s 8.9 47.6 46.3 4.9 121.0 1.8 25.4 0.3 6.8 45.2 5.0 0.0 
s-X 6.3 33.7 32.7 3.5 85.5 1.2 17.9 0.2 4.8 32.0 3.5 0.0 
Polychaete 1 0.0 39.3 0.0 6.2 139.9 24.4 16.9 22.2 24.2 74.1 40.6 
larvae 2 1.6 0.0 29.9 0.0 0.0 10.2 9.2 11.3 4.9 84.7 26.5 
x 0.8 19.6 15.0 3.1 70.0 17.3 13.0 16.8 14.6 79.4 33.5 
s 1.2 27.8 21.2 4.4 98.9 10.0 5.4 7.7 13.6 7.5 10.0 
s-X 0.8 19.6 15.0 3.1 70.0 7.1 3.8 5.5 9.6 5.3 7.0 
Table B22 (Continued) 
STATION 
INT DIS 
Organism DHS INT HPS HPW 3 HPW 2 HPH' 1 DIS CBE CBC JI CANAL CANAL 
Harpacticoid 1 1.7 0.0 77.6 69.9 3.0 0.0 0.0 2.2 7.0 7.0 
copepods 2 0.0 7.5 0.0 12.9 3.4 1.3 3.2 0.0 8.8 3.5 
x 0.9 3.7 38.8 41.4 3.2 0.7 1.6 1.1 7.9 5.3 
s 1.2 5.3 54.9 40.3 0.2 0.9 2.3 1.6 1.2 2.5 
s- 0.9 3.7 38.8 28.5 0.2 0.7 1.6 1.1 0.9 1.8 
X 
Acartia sp. 1 8.6 0.0 0.0 3.0 0.0 0.0 2.2 77.6 28.2 
2 13.1 2.2 6.5 6.8 1.3 1.6 0.0 38.8 17.6 
-
X 10.9 1.1 3.3 4.9 0.7 0.8 1.1 58.2 22.9 
s 3.1 1.6 4.6 2.6 0.9 1.2 1.6 27.4 7.5 
s- 2.2 
X 
1.1 3.3 1.9 0.7 0.8 1.1 19.4 5.3 
I 
Gastropod 1 39.3 6.2 0.0 6 0 6 . 17.6 12.3 t-' 
2 0.0 8.8 00 larvae 0.0 12.9 1.6 12.3 \0 
- 19.6 3.1 6.5 4.1 15.0 10.6 I X 
s 27.8 4.4 9.1 3.5 3.8 2.5 
s-X 19.0 3.1 6.5 2.5 2.6 1.8 
Cyclopoid 1 1.7 38.8 0.0 2.2 
copepods 2 6.5 0.0 1.6 0.0 
X 4.1 19.4 0.8 1.1 
s 3.4 27.4 1.2 1.6 
s- 2.4 19.4 0.8 1.1 X 
Ostracods 1 0.0 15.2 8.4 
2 7.5 0.0 0.0 
X 3.7 7.6 4.2 
s 5.3 10.8 6.0 
s-
X 
3.7 7.6 4.2 
Decapod 1 0.0 3.5 
larvae 2 1.6 0.0 
x 0.8 1.8 
s 1.2 2.5 
sx 0.8 1.8 
Organism 
Jellyfish 
medusae 
Amphipods 
1 
2 
x 
s 
s-X 
1 
2 
-X 
s 
s-X 
DWS INT 
0.0 
1.6 
0.8 
1.2 
0.8 
Table B22 (Continued) 
STATION 
HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC 
1.8 
0.0 
0.9 
1.3 
0.9 
JI 
INT DIS 
CANAL CANAL 
1.8 
0.0 
0.9 
1.2 
0.9 
0.0 
3.5 
1.8 
2.5 
1.8 
I 
~ 
\0 
0 
I 
Table B23 
James River Zooplankton; September 14, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Cope pod 1 140.5 241.7 683.4 255.3 603.3 833.9 944.3 801.9 1829.4 436.8 206.4 190.5 
nauplii 2 218.4 332.1 1002.6 164.7 1011.0 1331.7 202.6 935.2 1310.2 1135.8 246.9 125.2 
x 179.5 286.9 843.0 210.0 807.1 1082.8 573.4 868.5 1569.8 786.3 226.6 157.8 
s 55.1 64.0 225.8 64.1 288.3 352.0 524.4 94.3 367.1 494.3 28.7 46.2 
s-
X 
38.9 45.2 159.6 45.3 203.9 248.9 370.8 66.7 259.6 349.5 20.3 32.6 
Eurytemora sp. 1 63.9 44.3 98.2 13.0 21.9 73.0 69.9 22.3 164.2 55.5 35.3 52.9 
2 25.9 55.4 144.7 23.5 94.8 106.0 67.6 78.9 107.2 284.0 47.6 35.3 
-
X 44.9 49.8 121.4 18.3 58.4 89.5 68.8 50.6 135.7 169.7 41.4 44.1 
s 26.8 7.8 32.8 7.5 51.5 23.4 1~7 40.0 40.4 161.6 8.7 12.5 I 1-' 
s- 19.0 5.5 23.2 5.3 36.4 16.5 1.2 28.3 28.6 114.2 6.2 8.8 \0 
X 1-' 
I 
Barnacle 1 51.1 153.0 507.4 13.0 49.4 145.9 1119.1 193.0 17.0 0.0 453.3 693.1 
nauplii 2 62.9 225.7 713.3 27.4 103.8 258.4 354.6 191.6 87.7 43.7 366.8 649.0 
-
X 57.0 189.4 610.4 20.2 76.6 202.2 736.9 192.3 52.3 21.8 410.0 671.1 
s 8.4 51.4 145.6 10.2 38.5 79.5 540.6 1.0 50.0 30.9 61.1 31.2 
s-X 5.9 36.3 103.0 7.2 27.2 56.2 382.2 0.7 35.3 21.8 43.2 22.0 
Rotifers 1 140.5 64.4 216.9 320.2 257.8 276.2 734.4 207.9 441.8 187.2 
2 307.2 153.3 434.0 188.2 564.2 549.9 101.3 236.6 165.6 152.9 
x 223.9 108.9 325.4 254.2 411.0 413.1 417.9 222.3 303.7 170.1 
s 117.9 62.8 153.5 93.3 216.7 193.5 447.7 20.3 195.3 24.3 
s-X 83.4 44.4 108.6 66.0 153.2 136.8 316.6 14.4 138.1 17.2 
Polychaete 1 17.9 12.1 45.0 0.0 5.5 73.0 104.9 37.1 11.3 6.9 28.2 40.6 
larvae 2 59.2 29.8 34.9 7.8 22.6 66.2 101.3 33.8 24.4 65.5 22.9 22.9 
X 38.6 21.0 40.0 3.9 14.0 69.6 103.1 35.5 17.8 36.2 25.6 31.8 
s 29.2 12.5 7.1 5.5 12.1 4.7 2.6 2.4 9.2 41.4 3.7 12.5 
s-X 20.7 8.9 5.0 3.9 8.5 3.4 1.8 1.7 6.5 29.3 2.6 8.8 
Table B23 (Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Pelecypod 1 21.6 0.0 15.6 44.6 11.3 6.9 0.0 
larvae 2 7.8 4.5 13.2 22.5 19.5 0.0 3.5 
- 14.7 2.3 14.4 X 33.5 15.4 3.5 1.8 
s 9.8 3.2 1.7 15.6 5.8 4.9 2.5 
s-X 6.9 2.3 1.2 11.0 4.1 3.5 1.8 
Harpacticoid 1 12.3 10.4 0.0 0.0 6.9 3.5 15.9 
copepods 2 5.0 0.0 16.9 11.3 0.0 5.3 3.5 
- 8.6 5.2 8.4 5.6 3.5 4.4 9.7 X 
s 5.2 7.4 11.9 8.0 4.9 1.2 8.7 
s-X 3.6 5.2 8.4 5.6 3.5 0.9 6.2 
I 
Gastropod 1 0.0 6.9 1.8 t-' \0 larvae 2 9.7 0.0 0.0 N 
x 4.9 3.5 0.9 I 
s 6.9 4.9 1.2 
s-X 4.9 3.5 0.9 
Cyclopoid 1 5.1 4.0 4.1 
copepods 2 0.0 0.0 0.0 
- 2.6 2.0 2.0 X 
s 3.6 2.8 2.9 
s-
X 
2.6 2.0 2.0 
Acartia sp. 1 12.8 0.0 4.1 7.0 8.8 
2 0.0 4.3 0.0 0.0 10.6 
X 6.4 2.1 2.0 3.5 9.7 
s 9.0 3.0 2.9 5.0 1.2 
s-X 6.4 2.1 2.0 3.5 0.9 
Ostracods 1 0.0 
2 3.7 
- 1.8 X 
s 2.6 
s- 1.8 X 
Organism 
Cladocerans 1 
Amp hi pods 
2 
x 
s 
s:x 
1 
2 
X 
s 
sx 
DWS INT HPS 
0.0 
4.3 
2.1 
3.0 
2.1 
Table B23 (Continued) 
STATION 
HPW 3 HPW 2 HPW 1 DIS CBE CBC JI 
INT DIS 
CANAL CANAL 
5.3 
1.8 
3.5 
2.5 
., 0 
.L.O 
I 
1-' 
\0 
w 
I 
Table B24 
James River Zooplankton; October 14, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 289.7 86.5 471.7 541.3 811.1 206.3 246.8 496.2 812.8 762.0 227.5 70.6 
nauplii 2 230.8 123.9 405.3 733.7 660.7 191.8 165.1 454.9 827.9 1274.4 222.2 26.5 
X 260.2 105.2 438.5 637.5 735.9 199.0 206.0 475.6 820.4 1018.2 224.9 48.5 
s 41.7 26.4 47.0 136.0 106.4 10.3 57.8 29.2 10.7 362.3 3.7 31.2 
s-X 29.5 18.7 33.2 96.2 75.2 7.3 40.9 20.7 7.6 256.2 2.6 22.0 
Eurytemora sp. 1 52.0 9.0 47.2 72.6 201.8 27.5 6.0 14.2 123.9 61.3 26.5 3.5 
2 13.8 3.1 25.8 85.4 182.0 24.0 6.4 7.8 117.4 98.4 14.1 1.8 
x 32.9 6.0 36.5 79.0 191.9 25.7 6.2 11.0 120.7 79.8 20.3 2.6 
s 27.0 4.1 15.1 9.0 14.0 2.5 0.2 4.5 4.6 26.3 8.7 1.2 I 
19.1 2.9 10.7 6.4 9.9 1.8 0.2 3.2 3.2 18.6 6.2 0.9 t-' s- \,C) X ~ 
I 
Bosmina sp. 1 33.4 6.0 173.6 347.2 780.8 35.4 12.0 10.2 478.4 213.2 0.0 0.0 
2 21.7 0.0 178.0 516.8 633.3 4.8 6.4 3.9 556.4 378.6 3.5 1.8 
x 27.6 3.0 175.8 432.0 707.0 20.1 9.2 7.0 517.4 295.9 1.8 0.9 
s 8.3 4.2 3.2 120.0 104.3 21.6 4.0 4.4 55.2 117.0 2.5 1.2 
s- 5.9 3.0 2.2 84.8 73.8 15.3 2.8 3.1 39.0 82.7 1.8 0.9 
X 
Rotifers 1 14.9 32.8 128.3 29.4 102.9 17.7 20.3 50.6 58.6 0.0 
2 17.8 6.2 84.3 43.8 87.3 21.6 3.9 63.5 113.6 3.5 
X 16.3 19.5 106.3 36.6 95.1 19.6 12.1 57.1 86.1 1.8 
s 2.0 18.8 31.1 10.2 11.1 2.8 11.6 9.1 38.8 2.5 
s-X 1.4 13.3 22.0 7.2 7.8 2.0 8.2 6.4 27.5 1.8 
Harpacticoid 1 11.1 5.7 2.0 8.1 5.9 12.0 6.1 2.7 13.3 1.8 0.0 
copepods 2 9.9 14.1 2.3 12.5 2.4 0.0 7.8 11.6 12.6 1.8 1.8 
x 10.5 9.9 2.1 10.3 4.2 6.0 7.0 7.1 13.0 1.8 0.9 
s 0.9 5.9 0.2 3.1 2.5 8.5 1.2 6.3 0.5 0.0 1.2 
s-X 0.6 4.2 0.2 2.2 1.8 6.0 0.9 4.4 0.4 0.0 0.9 
Table B24 (Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Cyclopoid 1 7.4 9.4 15.7 8.1 5.9 24.0 26.6 1.8 
copepods 2 0.0 7.0 9.2 29.9 4.8 13.5 30.3 0.0 
X 3.7 8.2 12.5 19.0 5.3 18.7 28.5 0.9 
s 5.2 1.7 4.6 15.4 0.8 7.4 2.6 1.2 
s-
X 
3.7 1.2 3.2 10.9 0.6 5.2 1.8 0.9 
Acartia sp. 1 3.7 9.0 3.8 2.0 0.0 7.9 0.0 4.1 4.0 0.0 28.2 
2 3.9 3.1 0.0 4.6 5.0 0.0 31.8 7.8 0.0 7.6 8.8 
x 3.8 6.0 1.9 3.3 2.5 3.9 15.9 6.0 2.0 3.8 18.5 
s 0.2 4.1 2.7 1.9 3.5 5.6 22.4 2.7 2.8 5.4 13.7 
s-X 0.1 2.9 1.9 1.3 2.5 3.9 15.9 1.9 2.0 3.8 9.7 
Polychaete 1 0.0 6.0 5.9 24.1 0.0 1.3 8.8 1.8 I 
...... larvae 2 2.0 12.4 2.4 25.4 7.8 0.0 7.0 1.8 \0 
1.0 9.2 4.2 24.7 3.9 0.7 7.9 1.8 U1 X I 
s 1.4 4.5 2.5 0.9 5.5 0.9 1.2 0.0 
s-X 1.0 3.2 1.8 0.7 3.9 0.7 0.9 0.0 
Barnacle 1 0.0 14.9 1.9 7.9 54.2 0.0 16.0 60.0 56.4 
nauplii 2 2.0 3.1 2.3 0.0 12.7 3.9 17.3 67.0 47.6 
- 1.0 9.0 2.1 3.9 X 33.4 2.0 16.7 63.5 52.0 
s 1.4 8.4 0.3 5.6 29.3 2.8 1.0 5.0 6.2 
s- 1.0 5.9 0.2 3.9 20.8 2.0 0.7 3.5 4.4 
X 
Pelecypod 1 11.9 2.0 2.0 0.0 
larvae 2 15.5 2.4 3.9 2.5 
x 13.7 2.2 3.0 1.3 
s 2.5 0.3 1.3 1.8 
s-X 1.8 0.2 1.0 1.3 
Barnacle 1 0.0 2.0 
cyprid 2 2.0 0.0 
- 1.0 1.0 X 
s 1.4 1.4 
s-X 1.0 1.0 
Organism 
Gastropod 1 
larvae 2 
X 
s 
s-
Amphipods 1 
2 
X 
s 
x 
sx 
Table B'?.4 (Continued) 
STATION 
D\vS INT HPS HPW 3 HPW 2 HPW 1 DIS 
INT DIS 
CBE CBC JI CANAL CANAL 
4.1 
0.0 
2.0 
2.9 
2.0 
1.8 1.8 
0.0 0.0 
0.9 0.9 
1.2 1.2 
0.9 0.9 
Table B25 
James River Zooplankton; November 17, 1976 
(Numbers of Organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HP\v 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 57.0 137.4 144.7 85.9 61.6 121.0 213.1 96.6 166.0 137.4 123.5 60.0 
nauplii 2 27.5 156.8 110.7 104.1 127.2 127.6 195.6 95.9 81.0 99.0 157.0 74.1 
x 42.3 147.1 127.7 95.0 94.4 124.3 204.3 96.3 123.6 118.2 140.2 67.0 
s 20.9 13.8 24.0 12.8 46.4 4.6 12.4 0.5 60.1 27.2 23.7 10.0 
s-X 14.8 9.7 17.0 9.1 32.8 3.3 8.8 0.4 42.5 19.2 16.8 7.1 
Acartia sp. 1 15.2 1.6 4.1 2.6 2.6 14.1 1.8 
2 8.3 2.7 8.7 0.0 0.0 22.9 0.0 
X 11. 7 2.1 6.4 1.3 1.3 18.5 0.9 I 
s 4.9 0.7 3.2 1.8 1.8 6.2 1.2 1-' \.0 
s- 3.5 0.5 2.3 1.3 1.3 4.4 0.9 ...... X I 
Polychaete 1 209.2 20.4 39.4 4.6 20.5 29.0 78.4 49.4 7.0 
larvae 2 156.9 19.8 23.1 0.0 /, Q Q /, ') 1:; 91.3 44.1 7.0 .....,.u.J ""1''-•.J 
- 183.0 20.1 31.3 2.3 34.7 35.8 84.8 46.7 7.0 X 
s 37.0 0.4 11.6 3.3 20.1 9.5 9.1 3.7 0.0 
s- 26.2 0.3 8.2 2.3 14.2 6.7 6.5 2.6 0.0 X 
Eurytemora sp. 1 14.0 11.1 8.8 25.5 10.3 8.1 11.0 13.1 33.2 57.0 5.3 5.3 
2 30.3 1.8 9.2 35.8 9.8 8.0 7.2 14.4 35.7 23.4 10.6 8.8 
X 22.1 6.5 9.0 30.7 10.0 8.0 9.1 13.7 34.4 40.2 7.9 7.1 
s 11.6 6.6 0.3 7.2 0.3 0.1 2.7 0.9 1.7 23.8 3.7 2.5 
s-X 8.2 4.7 0.2 5.1 0.2 0.1 1.9 0.7 1.2 16.8 2.6 1.8 
Harpacticoid 1 2.5 1.9 43.8 23.2 20.5 4.8 9.6 10.4 12.1 10.4 5.3 
copepods 2 1.4 7.2 50.8 35.8 24.5 5.3 5.8 19.2 9.7 18.2 5.3 
- 2.0 4.5 47.3 29.5 22.5 5.1 7.7 14.8 10.9 14.3 5.3 X 
s 0.8 3.8 4.9 8.9 2.8 0.3 2.7 6.2 1.7 5.6 0.0 
s-X 0.6 2.7 3.5 6.3 2.0 0.2 1.9 4.4 1.2 3.9 0.0 
Table ll25 (Continued) 
STATION 
INT DIS 
Organism DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Cyclopoid 1 0.0 3.7 0.0 30.2 5.1 1.6 2.6 9.1 10.4 1.8 
copepods 2 1.4 1.8 4.6 29.3 0.0 2.7 4.8 38.9 18.2 1.8 
x 0.7 2.8 2.3 29.7 2.6 2.1 3.7 24.0 14.3 1.8 
s 1.0 1.4 3.3 0.6 3.6 0.7 1.5 21.1 5.6 0.0 
s-X 0.7 1.0 2.3 0.5 2.6 0.5 1.1 14.9 3.9 0.0 
Barnacle 1 0.0 0.0 1.6 4.1 3.5 5.3 
nauplii 2 2.8 1.8 5.3 2.9 1.8 5.3 
x 1.4 0.9 3.5 3.5 2.6 5.3 
s 1.9 1.3 2.6 0.9 1.2 0.0 
s-X 1.4 0.9 1.9 0.6 0.9 0.0 
I 
Bosmina sp. 1 2.5 0.0 5.2 7.8 1.8 ...... \0 2 1.4 3.2 0.0 2.6 0.0 00 
x 2.0 1.6 2.6 5.2 0.9 I 
s 0.8 2.3 3.7 3.7 1.2 
s- 0.6 1.6 2.6 2.6 0.9 
X 
Amp hi pods 1 0.0 0.0 
2 3.5 1.8 
- 1.8 0.9 X 
s 2.5 1.2 
s- 1.8 0.9 X 
Table B26 
James River Zooplankton; December 10, 1976 
(Numbers of organisms per 100 liters, surface samples, two samples per station) 
STATION 
INT DIS 
Organisms DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Copepod 1 30.5 17.7 30.3 111.0 114.3 17.9 21.8 53.7 15.4 130.4 56.4 22.9 
nauplii 2 35.2 42.2 55.2 122.5 101.4 36.1 24.7 52.2 21.3 95.3 44.1 42.3 
-X 32.8 30.0 42.8 116.8 107.8 27.0 23.3 52.9 18.3 112.9 50.3 32.6 
s 3.4 17.4 17.6 8.1 9.1 12.9 2.0 1.1 4.2 24.8 8.7 13.7 
s- 2.4 12.3 
X 
12.5 5.8 6.4 9.1 1.4 0.8 3.0 17.6 6.2 9.7 
Eurytemora sp. 1 17.6 10.4 12.4 81.2 81.9 11.2 12.1 39.3 6.5 40.5 7.0 7.0 I 
2 22.0 11.8 10.8 118.3 114.1 11.7 8 .. 9 21.7 16.0 29.6 8.8 3.5 ~ 
19.8 11.1 11.6 99.8 98.0 11.4 10.5 30.5 11.2 35.1 7.9 5.3 \.0 X \.0 
s 3.2 1.0 1.1 26.2 22.8 0.4 2.3 12.4 6.7 7.7 1.2 2.5 I 
s-X 2.2 0.7 0.8 18.5 16.1 0.3 1.6 8.8 4.7 5.4 0.9 1.8 
Harpacticoid 1 3.5 4.9 19.8 7.2 35.0 6.7 9.1 6.9 0.6 0.6 37.0 3.5 
copepods 2 6.6 7.4 17.8 4.2 37.0 4.4 12.0 2.9 2.0 2.3 22.9 3.5 
X 5.1 6.2 18.8 5.7 36.0 5.6 10.6 4.9 1.3 1.5 30.0 3.5 
s 2.2 1.8 1.4 2.2 1.5 1.6 2.1 2.8 1.0 1.2 10.0 0.0 
s-
X 
1.6 1.3 1.0 1.5 1.0 1.1 1.5 2.0 0.7 0.8 7.1 0.0 
Cyclopoid 1 8.2 1.2 4.3 22.5 21.3 6.7 3.6 6.2 4.1 15.8 1.8 
copepods 2 1.1 1.2 8.9 24.1 20.5 5.0 1.3 4.3 8.6 27.9 0.0 
X 4.6 1.2 6.6 23.3 20.9 5.8 2.5 5.3 6.4 21.9 0.9 
s 5.0 0.0 3.2 1.1 0.6 1.2 1.7 1.3 3.2 8.5 1.2 
s-
X 
3.6 0.0 2.3 0.8 0. 4. 0.8 1.2 1.0 2.3 6.0 0.9 
Polychaete 1 2.4 0.8 6.1 1.2 67.0 7.0 
larvae 2 1.2 0.0 1.9 0.0 1.8 7.0 
-X 1.8 0.4 4.0 0.6 34.4 7.0 
s 0.8 0.6 2.9 0~9 46.2 0.0 
s- 0.6 0.4 2.1 0.6 32.6 0.0 X 
Table B2 (:/..Continued) 
STATION 
INT DIS 
Organisms DWS INT HPS HPW 3 HPW 2 HPW 1 DIS CBE CBC JI CANAL CANAL 
Rotifers 1 7.2 11.9 71.5 141.2 137.9 173.6 136.8 165.8 74.1 
2 8.4 22.4 81.2 185.5 322.3 401.4 61.0 151.7 155.2 
- 7.8 17.2 76.3 163.4 230.1 287.5 98.9 158.7 114.6 X 
s 0.8 7.4 6.9 31.3 130.4 161.1 53.6 10.0 57.4 
s- 0.6 5.2 4.9 22.2 92.2 113.9 37.9 7.0 40.6 
X 
Acartia sp. 1 1.2 0.0 1.6 0.8 0.6 0.6 
2 0.6 2.0 3.1 1.0 0.0 1.2 
X 0.9 1.0 2.4 0.9 0.3 0.9 
s 0.4 1.4 1.1 0.1 0.4 0.4 
s- 0.3 1.0 0.8 0.1 0.3 0.3 
X I 
Cladocerans 1 0.8 6.0 0.6 3.8 
I'-.) 
0 
2 3.1 3.9 0.0 5.2 0 I 
X 2.0 4.9 0.3 4.5 
s 1.6 1.5 0.4 1.0 
s- 1.2 1.0 0.3 0.7 
X 
Pelecypod 1 1.7 0.6 
larvae 2 0.0 0.0 
X 0.8 0.3 
s 1.2 0.4 
s-
X 
0.8 0.3 
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Appendix C 
Biological Data Tables for 
the Benthos Study 
Table Cl 
James River Benthos; January 12, 1976 
Species, Number of Individuals and Total Wet Weight 
(Without Clam Shell) in Grams per 0.1 m2 at Each Station 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Mollusks 
Rangia cuneata 4 8 1 13 3 36 6 6 6 1 26 8 3 7 
Congeria leucophaeta 1 9 1 32 2 2 
Macoma mitchelli 
Macoma balthica 3 1 1 
Corbicula manilensis 1 I 
Hydrobia sp. 3 1 1 1 1 2 1 7 2 3 N 0 
Mya arenaria N I 
Brachidontes recurvus 
Annelids 
Polychaetes 
Scolecolepides vir dis 1 2 1 1 1 1 
Nereis succinea 4 1 
Llsipiddes grayi 
Polydora li~ni 
Laeonereis culveri 
Heteromastus filiformis 
Oligochaetes 2 1 2 2 1 2 1 
AmEhiEods 
Gammarus sp. 2 9 2 1 
CoroEhium lacustre 1 
LeEidactllus dxtiscus 6 8 
LeEtocheirus Elumulosus 2 1 5 
Monoculodes edwardsi 
CaErella sp. 
Table Cl(cont'd.) 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
IsoEods 
Cyathura Eolita 1 
Edotea triloba 
Chiridotea almyra 
Dioteran larvae 1 1 1 1 
Nemerteans 
Hydro ids X X X X X X X X X X X X 
I 
Balanus sp. 2 N 0 
VJ 
Nematodes ' 
Biomass (grams) 2.1 1.4 .15 1.6 .50 3.3 1.6 1.0 2.3 .10 3.6 .20 3.0 .30 .20 .40 
TableC2 
James River Benthos; April 7, 1976 
Species, Number of Individuals and Total Wet Weight 
(Without clam shell) in Grams per 0.1 m2 at Each Station 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Mollusks 
Rangia cuneata 4 14 1 16 3 13 1 6 17 3 1 4 17 
Congeria leucoEhaeta 8 1 
Macoma mitchelli 
Macoma balthica 
Corbicula manilensis 1 
H~drobia sp. 1 1 2 1 I N Mya arenaria 0 
Brachidontes recurvus +' 
I 
Annelids 
Polychaetes 
Scolecolepides virdis 10 1 2 5 4 1 4 
Nereis succinea 2 1 
L~sipiddes gra~i 
Polydora ligni 
Laeonereis culveri 
Heteromastus filiformis 
Oligochaetes 1 3 2 
Am:ehi:eods 
Gannnarus sp. 1 1 
Coro:ehium lacustre 1 
Le:eidactllus dltiscus 5 3 
Le:etocheirus :elumulosus 1 1 
Monoculodes edwardsi 
Ca:erella sp. 
Table C 2 (con t ' d • ) 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
lSOEOds 
Cyathura Eolita 
Edotea triloba 
Chiridotea almyra 1 
DiEteran larvae 1 1 1 
Nemerteans 
H}:droids X X X X X X X X X X X X 
Balanus sp. I 
N 
0 
Nematodes V1 
I 
Biomass (grams) 1.2 2.4 1.0 1.9 1.0 4.5 .5 1.2 .3 .2 3.0 .05 .5 .2 2.6 1.6 
Table C3 
James River Benthos; June 9, 1976 
Species, Number of Individuals and Total Wet Weight 
(Without clam shell) in Grams per 0.1 m2 at Each Station 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Mollusks 
Rangia cuneata 8 20 1 11 13 7 3 2 6 13 3 17 
Congeria leucophaeta 1 2 10 1 1 
Macoma mitchelli 
Macoma balthica 
Corbicula manilensis 1 1 4 
Hydrobia sp. 2 1 1 I 
Mya arenaria N 0 
Brachidontes recurvus 3 
"' I 
Annelids 
Polychaetes 
Scolecolepides viridis 1 8 1 8 1 8 1 
Nereis succinea 1 1 
Lysipiddes grayi 
Polydora ligni 
Laeonereis culveri 
Heteromastus filiformis 
Oligochaetes 6 
Amphipods 
Gannnarus sp. 1 5 3 
Corophium lacustre 1 1 3 17 1 16 1 18 1 
Lepidactylus dytiscus 2 2 
Leptocheirus plumulosus 5 4 
Monoculodes edwardsi 
Caprella sp. 
TableC3 (cent' d.) 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
IsoEods 
Cyathura Eolita 1 
Edotea triloba 
Chiridotea almyra 
DiEteran larvae 1 1 2 1 1 1 
Nererteans 
Hydro ids X X X X X X 
Balanus sp. 1 1 145 84 450 I 
N 
0 Nematodes 
'-1 
I 
Biomass (Grams) 3.5 3.9 1.3 1.2 .5 3.6 3.2 1.0 1.0 .2 2.5 .5 .5 1.6 2.0 3.8 
Table C4 
James River Benthos; July 20, 1976 
Species, Number of Individuals and Total Wet Weight 
(Without clam shell) in Grams per 0.1 m2 at Each Station 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Mollusks 
Rangia cuneata 4 14 3 12 9 10 7 10 2 11 4 2 1 20 Congeria leucophaeta 1 2 1 1 
Macoma mitchelli 1 1 1 
Macoma balthica 1 Corbicula manilensis 1 1 1 I Hydrobia sp. 4 2 2 2 1 2 1 1 10 4 N 0 Mya arenaria CD 
Brachidontes recurvus 1 I 
Annelids 
Polychaetes 
Scolecolepides viridis 1 2 3 
Nereis succinea 1 1 
Lysipiddes grayi 
Polxdora ligni 
Laeonereis culveri 
Heteromastus filiformis 
Oligochaetes 4 
Am~hipods 
Gafilmarus S:Q• 
Coroghium lacust~e 15 1 13 4 
LeEidactylus dytiscus 7 
LeEtocheirus Elumulosus 1 3 
Monoculodes edwardsi 
Ca2rella sp. 
Table C4 (cont'd.) 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
lSOQOdS 
Cyathura QOlita 3 
Edotea triloba 
Chiridotea almyra 1 
DiEteran larvae 2 1 4 1 
Nemerteans 
Hydro ids X X X X X X X X X X X X X X 
I Balanus sp. 2 1 16 34 30 1 ['..,) 0 
\0 Nematodes 1 
.J. 
I 
EctoErocts X X X X 
Biomass (Grams) 3.7 3.4 3.2 2.6 .4 2.8 .2 1.8 .5 .02 2.2 2.5 2.1 1.8 .1 1.9 
Species 
Mollusks 
Rangia cuneata 
Con~eria leucophaeta 
Macoma mitchelli 
Macoma balthica 
Corbicula manilensis 
Hi:drobia sp. 
Mi:a arenaria 
Brachidontes recurvus 
Annelids 
Polychaetes 
Scolecolepides viridis 
Nereis succinea 
Lysipiddes grayi 
Polydora ligni 
Laeonereis culveri 
Heteromastus filiformis 
Oligochaetes 
Amp hi pods 
Gammarus sp. 
Corophium lacustre 
Lepidactylus dytiscus 
Leptocheirus plumulosus 
Monoculodes edwardsi 
Caprella sp. 
Table C5 
James River Benthos; August 17, 1976 
Species, Number of Individuals and Total Wet Weight 
(Without clam shell) in Grams per 0.1 m2 at Each Station 
Station 
1 2 3 4 5 6 7 8 9 10 11 
3 13 15 11 24 5 13 3 2 6 
1 1 2 3 1 
1 1 
1 3 1 
1 
1 
1 1 
1 
1 
12 13 14 15 16 
1 21 2 1 
13 
1 
2 
2 38 1 I 
1'-..l 
...... 
0 
I 
TableCS (cont'd.} 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
IsoEods 
Cyathura Eolita 1 1 
Edotea triloba 
Chiridotea almyra 1 
DiEteran larvae 1 
Nemerteans 
H~droids X X X X X X X X X X X X 
Balanus sp. 2 21 3 2 183 9 3 I N 
""""' 
""""' 
Nematodes I 
Ectoprocts X X X X 
Biomass (Grams) 1.8 4.5 .01 2.6 2.0 4.5 3.6 1.5 1.4 .2 .1 .1 .3 4.0 .1 .2 
Table C6 
James River Benthos; October 29, 1976 
Species, Number of Individuals and Total Wet Weight 
(Without clam shell) in Grams per 0.1 m2 at Each Station 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Mollusks 
Rangia cuneata 1 12 5 19 3 80 1 11 2 1 22 4 5 1 4 
Congeria leucophaeta 1 1 
Macoma mitchelli 1 2 2 
Macoma balthica 
Corbicula manilensis 1 1 1 I 
Hydrobia sp. 1 2 1 19 22 ~',;) 
...... Mya arenaria ~',;) 
Brachidontes recurvus 1 I 
Annelids 
Polychaetes 
Sco1ecolepides viridis 1 4 1 1 
Nereis succinea 1 3 5 1 3 4 
Lysipiddes grayi 
Polydora ligni 2 3 
Laeonereis culveri 
Heteromastus filiformis 
Oligochaetes 1 2 1 
Amphipods 
Gammarus sp. 
Corophium lacustre 13 
Lepidacty1us dytiscus 1 4 5 
Leptocheirus plumulosus 1 1 1 1 1 5 
Monoculodes edwardsi 
Caprella sp. 
Table C5 (cont'd.) 
Species 
Station 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
lSOEOds 
Cyathura Eolita 1 3 
Edotea triloba 
Chiridotea almyra 
Di~teran larvae 1 1 1 
Nemerteans 
H~droids X X X X X X X X X X X X X X X X 
Balanus sp. 1 7 4 29 1 65 40 10 I 
1'.) 
~ 
Nematodes VJ 
I 
Ecto~rocts X X X 
Biomass (Grams) 
.4 3.1 2.8 3.7 1.1 14.1 .9 2.9 1.0 .2 5.6 .2 1.8 1.1 .8 1.4 
-214-
Table C7 
Diversity and Related Parameters for Benthic Samples 
January 12, 1976 
Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 
1 14 6 2.4138 1.8946 
2 10 2 0.7219 0.4343 
3 2 2 1.0000 1.4427 
4 14 2 0.3712 0.3789 
5 9 5 2.1972 1.8205 
6 41 5 0.7693 1.0771 
7 11 5 1.8676 1.6681 
8 21 6 2.1047 1.6423 
9 14 4 1.5917 1.1368 
10 3 3 1.5850 1.8205 
11 72 7 1.8263 1.4030 
12 8 1 0 0 
13 14 3 1.3788 0.7578 
14 12 4 1.5511 1.2073 
15 7 5 2.2359 2.0556 
16 18 5 2.0579 1.3839 
All Stations 
Combined 270 15 2.6075 2.5007 
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Table C8 
Diversity and Delated Parameters 
Station 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
All Stations 
Combined 
Number of 
Individuals 
5 
16 
11 
18 
13 
15 
6 
14 
7 
5 
22 
2 
4 
2 
6 
22 
168 
April 7 ...1....197_§_ 
Number of 
SPECIES 
2 
3 
5 
') 
~-
') 
~-
3 
4 
2 
4~ 
1 
3 
2 
2 
2 
3 
3 
13 
for Benthic Samples 
SHANNON Formula RICHNESS 
H-PRIME S-1/LN N 
0.7219 0.6213 
0.6686 0.7213 
1.9717 1.6681 
0.5032 0.3460 
0.7793 0.3899 
0.6998 0.7385 
1.9183 1.6743 
0.9852 0.3789 
1.8424 1.5417 
0 0 
0.9373 0.6470 
1.0000 1.4427 
0.8113 0.7213 
1.0000 1.4427 
1.2516 1.1162 
0.9373 0.6470 
2.1039 2.3419 
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Table C9 
Diversity and Related Parameters for Benthic Samples 
June 9, 1976 
Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 
1 12 4 1.4183 1.2073 
2 21 2 0.2762 0.3284 
3 5 4 1.9219 1.8640 
4 12 2 0.4138 0.4024 
5 9 2 0.5032 0.4551 
6 14 2 0.3712 0.3789 
7 17 5 1.9015 1.4118 
8 9 6 2.4194 2.2756 
9 8 4 1.9056 1.4427 
10 2 2 1.0000 1.4427 
11 194 7 1.4161 1.1390 
12 6 3 1.2516 1.1162 
13 23 4 1.2362 0.9568 
14 99 4 0.7196 0.6529 
15 487 7 0.5443 0.9696 
16 21 5 1.0834 1.3138 
All Stations 
Combined 939 16 1.5929 2.1914 
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Table ClO 
Diversity and Related Parameters for Benthic Samples 
July ~ 1976 
Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 
1 10 3 1.5219 0.8686 
2 17 3 0.8343 0.7059 
3 5 2 0.9710 0.6213 
4 16 4 1.1863 1.0820 
5 11 3 0.8658 0.8341 
6 48 7 2.1979 1.5499 
7 9 3 0.9864 0.9102 
8 48 4 1.2059 0.7750 
9 12 5 1.7807 1.6097 
10 2 2 1.0000 1.4427 
11 17 6 1.7314 1.7648 
12 59 7 2.0849 1.4715 
13 5 4 1.9219 1.8640 
14 12 3 0.8167 0.8048 
15 8 3 1.4056 0.9618 
16 25 3 0.8663 0.6213 
All Stations 
Combined 304 18 2.7049 2.9736 
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Table Cll 
Diversity and Related Parameters for Benthic Samples 
August 17, 1976 
Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 
1 3 1 0 0 
2 16 4 0.9934 1.0820 
3 1 1 0 0 
4 18 4 0.9142 1.0379 
5 15 4 1.2366 1.1078 
6 50 4 1.4632 0.7669 
7 5 1 0 0 
·8 19 3 1.2155 0.6792 
9 4 2 0.8113 0.7213 
10 5 4 1.9219 1.8640 
11 10 5 1.7710 1.7372 
12 4 2 1.0000 0.7213 
13 3 2 0.9183 0.9102 
14 255 4 1.2683 0.5414 
15 11 2 0.6840 0.4170 
16 6 4 1.7925 1.6743 
All Stations 
Combined 425 14 1.8478 2.1480 
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Table Cl2 
Diversity and Related Parameters for Benthic Samples 
October 29, 1976 
Station Number of Number of SHANNON Formula RICHNESS 
Number Individuals SPECIES H-PRIME S-1/LN N 
1 1 1 0 0 
2 13 2 0.3912 0.3899 
3 10 6 2.1610 2.1715 
4 24 5 1.1387 1.2586 
5 12 4 1.5511 1.2073 
6 108 5 1.1765 0.8543 
7 2 2 1.0000 1.4427 
8 46 6 1.5303 1.3059 
9 7 3 1.3788 1.0278 
10 8 6 2.5000 2.4045 
11 130 8 1.4807 1.8752 
12 6 2 0.6500 0.5581 
13 5 2 0.7219 0.6213 
14 74 7 1.7588 1.3940 
15 13 5 2.0382 1.5595 
16 15 3 1.1589 0.7385 
All Stations 
Combined 455 16 2.4330 2.4509 
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Table Cl3 
Seasonal and Spatial Distributions of Benthic Species Diversity - 1976 
Substrates and Station Numbers 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 2.4138 1.0000 2.2359 1.8676 1.5917 1.3788 
Apr. 7 .7219 1.9717 1.2516 1.9183 1.8424 .8113 
June 9 1.4183 1.9219 .5443 1.9015 1.9056 1.2362 
July 20 1.5219 .9710 1.4056 .9864 1.7807 1.9219 
Aug. 17 0 0 .6840 0 .8113 .9183 
Oct. 29 0 2.1610 2.0382 1.0000 1.3788 .7219 
X 1.0126 1.3380 1.3600 1.2790 1.5518 1.1647 
Silty Clay 
Control Plume 
Date 2 6 14 16 4 8 11 
Jan. 12 .7219 .7693 1.5511 2.0579 .3712 2.1047 1.8263 
Apr. 7 .6686 .6998 1.0000 .9373 .5032 .9852 .9373 
June 9 .2762 .3712 .7196 1.0834 .4138 2.4194 1.4161 
July 20 .8343 2.1979 .8167 .8663 1.1863 1.2059 1.7314 
Aug. 17 .9934 1.4632 1.2683 1.7925 .9142 1.2155 1.7710 
Oct. 29 • 3912 1.1765 1.7588 1.1589 1.1387 1.5303 1.4807 
X .6476 1.1130 1.1858 1.3160 .7546 1.5618 1.5271 
Silty Dredge Coarse 
Sand Spoils Sand 
Date 5 10 12 
Jan. 12 2.1972 1.5850 0 
Apr. 7 .7793 0 1.000 
June 9 .5032 1.0000 1.2516 
July 20 .8658 1.0000 2.0849 
Aug. 17 1.2366 1.9219 1.0000 
Oct. 29 1.5511 2.5000 .6500 
- 1-.1889 1.3345 .9978 X 
Section II a. 
PLANT EN 1rRAINMENT OF ICHTHYOPLANKTON 
AT THE VEPCO NUCLEAR POWER PLANT 
by 
John V. Merriner 
A. Deane Estes 
and 
Robert K. Dias 
EXECUTIVE SUMMARY 
Ichthyoplankton entrainment sampling at VEPCO Surry 
Nuclear Power Plant was initiated by the Ichthyology 
Department of Virginia Institute of Marine Science in April 
1975. Objectives of this study were assessment of the kinds 
and amounts of ichthyoplankton being entrained from the 
James River near Hog Island and passed through the facility. 
Periodic twenty-four hour stations were sampled from 
January through December 1976. A 0.5 meter paired net 
apparatus (505~ mesh nets) was fished at surface, midwater 
and bottom depths at the intake and discharge. Hydrographic 
data were recorded for each sample. 
Multiple regression was chosen as the major method of 
data analysis. Five dependent or response variables (Yi) 
were selected for regression analysis: Y , total abundance 
1 
of fish; Y , total abundance of eggs; Y , abundance of Anchoa 
2 3 
mitchilli fish; Y , abundance of A. mitchilli eggs; Y , 
4 . - 5 
abundance of Gobiosoma bosci fish. 
The chosen measure of abundance was 
Y. = log (C. + 1) 
l 1 0 l 
where Yi is abundance of fish or eggs in collection i, and 
C· is standardized catch of collection i. l 
Nine independent variables (Xi) were chosen for the 
analyses: water temperature, salinity, depth of sample, 
tide, and dummy variables for sampling location, period, and 
the seasons fall, winter, and spring (summer is the reference 
season) . 
ii 
Abundance of fish at the intake increased from January -
March, then declined to its lowest levels in mid-April. 
Abundance then increased to the summer maximum in July. In 
August, abundance declined and continued decreasing through 
the final sample date. Abundance of fish in the discharge canal 
was lower than the intake, except. during some colder months. 
Bay anchovy (Anchoa mi!:chilli) and naked goby 
(Gobiosoma bosci) were the dominant species captured. They 
comprised 9 2% of t:he tota 1 yearly calculated catch for both 
fish and eggs. Gobies reached concentrations of 27/m 3 , bay 
anchovy eggs reached concentrations of 51/m 3 , and bay 
anchovy (fish) reached concentrations of 14/m 3 • 
Salinities during 1976 were generally higher than the 
norm for the vicinity of Hog Poinbtherefore freshwater and 
anadromous species spawned even farther upriver than usual. 
The variables temperature and salinity were retained in 
all regression equations (P<O.OOl); temperature was always 
positive whereas salinity was positive for eggs and negative 
for fish. 
Depth appears to be a significant variable for fish 
abundances but not for egg abundances. 
Location was retained in all equations. For all 
measures of abundance except Y the partial correlation was 
3 
negative and highly significant (P<O.Ol or better) which means 
that significantly lower catches of fish and fish eggs/100m 3 / 
collection were made in the discharge canal. 
iii 
Period was a highly significant predictor of abundance; 
more fish were caught at night but more eggs were caught 
during the day. 
Tide was retained as a negative term in the equation 
for Y (total abundance of fish eggs) . 
2 
The equations predict lower catches of fish in fall and 
spring than in summer and lower catches of eggs in summer than 
in fall or spring. 
VEPCO Surry Nuclear Power Station does entrain and 
remove some as yet, undeterminable portion of the ichthyo-
faunal populations present in that section of the James River 
near the VEPCO intake structure. However, the ecological 
impact of the removal has not been determined. 
Our ichthyoplankton data set alone cannot assess the 
impact of VEPCO Surry upon the finfish resources near Hog 
Island. In recent years, the James River has been 
subjected to numerous stresses, i.e. organic and inorganic 
pollutants, siltation, flooding, etc. To extract any one 
stress (VEPCO Surry) from such a combination of effects is 
extremely difficult especially when the effects of other 
stresses have not been fully realized. Coupled with 
sampling variability, natural population fluctuations, 
biological attributes of ichthyoplankton, and other sources 
of variation inherent in any sampling program, any changes 
other than those of catastrophic proportions are difficult 
to discern. Currently we can define the species and quantity 
iv 
of ichthyoplankton entrained and passed through the Surry 
facilities. The interpretation of plant impact upon fin-
fishes in the vicinity of Hog Point requires analysis of 
all data sets (trawl, seine, screen, and ichthyoplankton) 
for long term trends in species composition and abundance 
and should take into account all factors acting upon the 
estuarine ecosystem. 
v 
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I 
INTRODUCTION 
Ichthyoplankton entrainment sampling at VEPCO Surry 
Nuclear Powt~r Plant 'VTas initiated by the Ichthyology 
Department of Virginia Institute of Marine Science in 
April 1975. Objectives of this study were assessment of 
the kinds and amounts of ichthyoplankton being entrained 
from the James River near Hog Island and passed through 
the Surry facility. 
VEPCO Surry is located near the fresh-saltwater 
transition zone of the Jame~ River. Depending upon river 
flow and salinity patterns in the area, ichthyofauna can 
range from strictly freshwater species to marine strays. 
This reach of the estuary serve~ as spawning grounds 
(engraulids, gobiids), fish nursery grounds (sciaenids, 
clupeids), and migra·t:ion route (Anguilla, Marone and Alosa). 
White (1976} reported 84 species representing 38 families 
in the vicinity of Hog Island and VEPCO Surry Nuclear 
Power Plant.. Most of these species do not spawn in the vicinity 
of Hog Island but are found there as juvenile through adult 
life stages. They are not subject to·entrainment. 
Many eggs, prolarval, and larval fishes are pelagic, 
and therefore are transported by water currents. Pelagic 
fish eggs and larvae are potentially subject to entrainment 
when present: in the waters surrounding the intake structure 
at VEPCO Surry. Intake pumps have a combined capacity 
to withdraw 1.68 million gallons of water per minute from 
2 
the James River. Water velocity at the intake structure 
trash bars is approximately 1 foot/second (Applicants 
Environmental Report), but velocity fields have not been 
thoroughly mapped at distances away from the trash bars 
(J. White, personal communication). 
Samples through December 1976 have been sorted, 
identified, enumerated, and stored in vials. Data from 
these samples have been punched and are stored on ADP 
cards. The data set from January through December 1976 
is herein treated as a complete data set for statistical 
analysis. 
Species lists and abundance of fish eggs, larvae, 
juveniles, and adults taken in samples from January 
through December 1976 are presented. Ranges of salinity, 
dissolved oxygen, and temperature for each 24-hour sampling 
station are also presented. 
The sampling schedule for ichthyoplankton entrainment 
sampling at VEPCO Surry Nuclear Power Plant is shown in 
Table 1. 
3 
METHODS AND MATERIALS 
Ichthyoplankton entrainment studies at VEPCO Surry 
Nuclear PowE~r Plant from January through December 1976 
employed a 0.5 meter paired net apparatus (Figure 1) 
equipped with conical Nitex nets (505 ~ mesh) and General 
Oceanics Diqital Flowmeters (Model 2030). Flowmeters were 
periodically calibrated in the VIMS flume. 
Sampling sites for the 24-hour stations were: (1) 
intake structure forebay directly in front of the trash 
bars, and (2) mid-channel in the discharge canal at the 
roadway bridge. Samples were made at surface, midwater, 
and bottom depths at sample times of 1000, 1400, 1800, 
2200, 0200, and 0600 hours. Tow time at the intake was 
10 minutes and at the discharge was 5 minutes. Temperature, 
salinity, and dissolved oxygen data were recorded for each 
sample at each sample time. 
Tow times at the intake and discharge reflect a com-
promise betvTeen sampling equal water volumes and sampling 
the same water mass at each site. Time of passage through 
the facility (intake to discharge) is ·approximately one 
hour (J. White, personal communication). Transportation 
time between sites was approximately 15 minutes and 
occasionally, sampling in the discharge was delayed. 
Dissolved oxygen samples were fixed on station for 
laboratory analysis by Winkler Titration Method. Salinity 
samples were returned to VIMS for analysis with a Beckman RS-7 
4 
induction salinometer. Water temperature was measured 
with a stern thermometer (-35 to 50 C, 1 C interval) and 
recorded in the field sample log. Sea state, weather, 
tidal stage, turbidity, air temperature, and wind were 
recorded on the log sheet at the time of sampling. 
Samples were preserved in approximately 5% formalin 
in the field and returned to the lab for sorting, 
enumeration, and identification. Data are stored on ADP 
cards. Specimens are retained in vials with 5% buffered 
formalin for further study or reference. 
The manual by Lippson and Moran (1974) has been most 
useful in identification of specimens. Myomere counts of 
small larvae were facilitated by clearing and staining 
(Mook and Wilcox, 1974). 
Vessels and operators for 24-hour stations were 
provided by VEPCO. Two VIMS project personnel were 
required on each of two 12-hour shifts. 
Statistical Methods 
Multiple regression was chosen as the major method of 
data analysis for the following reasons: 
(1) Complex multivariate relationships exist between 
the abundance of fish and eggs and environmental variables; 
as a descriptive tool, multiple regression can give a 
concise summary of these relationships. 
(2) Field survey data are confounded by numerous 
factors since such surveys are observational in nature 
5 
rather than controlled: multiple regression allows for 
control of some of these confounding factors by the use 
of "dummy" (categorical) variables. Also, each partial 
regression coefficient is computed as if the other 
variables are held constant, thereby removing the 
confoundinq effects of other variables in the equation. 
(3) The ability to accurately predict the effects of 
environmen·tal change or mod if ica tion upon living resources 
is an ultimate goal: multiple regression techniques can 
develop the best lineai prediction equation and evaluate 
its accuracy. 
Five dependent or response variables (Yi) were selected 
for regression analysis: Y1 , total abundance of fish: Y2 , 
total abundance of eggs: Y3 , abundance of Anchoa mitchilli 
fish: Y4 , abundance of Anchoa mitchilli eggs: Y5 , abundance 
of Gobiosoma bosci fish. St.epwise regression techniques 
(Draper and Smith, 1966) were used to develop the "best" 
regression equation for each Y. in the following manner: 
1 
(1) Abundance (dependent variable) was plotted against 
the environmental (independent) variables and the data were 
linearized (transformed) where necessary: 
(2) Matrices of simple correlation coefficients of 
dependent and independent variables and selected trans-
formations were computed: 
(3) Using the multiple regression model 
6 
where Y. is abundance and X. is some function of one of the 
1 1 
selected environmental variables, a stepwise regression was 
performed to identify those parameters which account for 
the attributable variation in the model; and 
(4) For each final regression equation residuals were 
analyzed to detect possible violations of the basic 
assumptions for the regression model that the errors were 
independent, had zero mean, had constant variance, and 
followed a normal distribution. 
The chosen measure of abundance was 
Y. = log 
1 10 
(C.+ 1), 
1. 
where Y. is abundance of fish or eggs in collection i, and 
1 
c. is standardized catch of collection i (i.e. number of 
1 
fish or eggs captured per 100 cubic meters of water strained 
per collection, left and right nets combined) . Generally 
logarithms of catch were more highly correlated with the x. 
1 
than catch (untransformed) . Variation between nets was 
removed by using their sum in the computations. 
Nine independent variables (X.) were chosen for the 
1 
analyses: water temperature, salinity, depth of sample, 
tide, and dummy variables for sampling location, period and 
the seasons fall, winter and spring. Table 2 summarizes 
notation and defines these variables. 
Preliminary computations were made using SAS76 (Barr, 
et al., 1976); final equations were developed with SPSS6.0 
(Nie, et al., 1975). Independent variables were retained 
7 
in the equations if their partial regression coefficients 
(b.) could be declared significantly different from zero 
J_ 
at P 0.10 (H0 : b. = 0~ H.: b. ~ 0). .1. .1. .1. 
Data from November and o~~cember 1976 were not 
utilized in these analyses because of plant shutdown during 
this time so fall is represented only by October data. 
Regression equations for Y , Y and Y were based only 
3 4 5 
on data from May through October 1976, their period of 
occurrence. 
8 
RESULTS AND DISCUSSION 
Seasonal trends in species composition and abundance 
Abundance of fish at the intake in 24-hour samples 
increased from January - March, then declined to its lowest 
level in mid-April (Table 3; Figure 2). Abundance then 
increased to the summer maximum in July (Figure 2). In 
August, abundance declined and continued decreasing through 
the final sample date. 
Abundance of fish eggs reached a maximum in mid-May, 
then decreased slowly (Table 3). No eggs were captured 
at the intake station before May or after August; however, 
some eggs were captured in the discharge canal in April 
and again in September. These eggs may have been released 
by fish in the high level intake canal or discharge canal, 
or by chance may have been missed at the intake since 
concentrations were quite low. 
Abundance of fish in the discharge canal was generally 
lower than the intake, except during some colder months 
(Table 3; Figure 2). During colder months, many fish move 
into deeper water, thus entrainment is unlikely. Also, 
juvenile and adult life stages are present which might 
effectively avoid capture at the intake where water velocities 
are low. These fish may be attracted to the warmer water in 
the discharge canal during colder months. Since water velocity 
is higher here, they may be subsequently captured, thereby 
increasing abundance. 
9 
Abundance of fish eggs in the discharge canal (Table 3) 
was lower than the intake, except during April and September. 
Average catch per sample (per 100m3 ; all stations 
combined) for fish and fish eggs decreased at all depths 
from intake to discharge (Table 4). 
Fish were~ stratified at both sampling sites (Tables 
4 and 5) with greatest concentrations at midwater and 
bottom depths near the intake. Abundance increased in the 
discharge samples with depth. 
Eggs near the intake appeared stratified with heaviest 
concentrations at midwater and bottom (Tables 4 and 5) • 
Egg distribution in discharge samples was not stratified. 
Total number of species (fish and eggs combined) 
increased from January - February, then remained stable 
through August (Table 6; Figure 3). Number of species 
decreased frorn September - November but increased slightly 
in December. Highest number of species was recorded on 
June 28-29; lowest number was recorded on November 4. 
Bay anchovy (Anchoa mitchilli) and naked goby 
(Gobiosoma bosci) were the dominant species captured during 
1976 (Tables 7, 8, and 9). Anchovies were taken in all 
life stages; qobies were primarily larval and postlarval 
fish. Eggs, larvae, and postlarvae of both species were 
captured from April through September. Juvenile and adult 
anchovy werE: taken all year. These two species comprised 
10 
92% of the total yearly calculated catch for both fish 
and eggs (bay anchovy= 59%; naked goby = 33%). From 
April - September, the period of larval goby and anchovy 
abundance, bay anchovy = 60% and naked goby = 34% of the 
total calculated catch. Naked goby was the most abundant 
fish reaching a density of 27/m 3 in late July (Table 9). 
Bay anchovy abundance also peaked in late July when 14/m3 
were recorded. Bay anchovy eggs were the single most 
abundant organism captured with concentrations reaching 
51/m3 in mid-May (Tables 7, lO, and 11). 
Postlarval and juvenile spot (Leiostomus xanthurus) 
and Atlantic croaker (Micropogon undulatus) were captured 
seasonally (Tables 7, 8, and 9). Spot were captured in low 
concentrations during spring. Atlantic croaker were taken 
from late winter through spring and again during fall. Two 
distinct size modes in the spring catches suggested a late 
winter spawning of croaker. 
Sciaenids are hatched offshore and soon after move 
into Atlantic coast estuaries which serve as nursery areas 
for postlarvae and juveniles. The area encompassing Hog 
Point is near the center of the James River nursery area. 
Upon entering the nursery, the fish re-distribute in search 
of food, etc. Haven (1957) found juvenile croaker in sali-
nities from 0-18%a with smallest fish in lowest salinities. 
Markle (1976) found greatest densities of croaker in the York-
Pamunkey River in the mesohaline area (river mile Y-15 to P-30) 
11 
during November - DE~CE~mber. Croaker were taken in all but 
two tows in the area between the mouth of Chesapeake Bay 
and mile 50 on the Pamunkey River from September - December 
and croaker were captured up to mile 20 in the York River 
during all months of the year. Croaker remain in the 
estuary for almost a year before migrating to sea (Chao, 
1976) and may occupy the entire saline portion of the 
estuary. Salinities near the intake structure ranged 
from 0. 6 to 4. 8%"c from October ·- December, the period when 
croaker enter the estuary (Table 12: Figure 4). 
Postlarval and juvenile Atlantic menhaden (Brevoortia 
tyrannus) also utilize the estuary as a nursery area. 
Menhaden were common occurrenc~es in late winter - early 
spring samples (Tables 7, 8, and 9) but concentrations 
remained <l/m 3 • 
Atlantic silversides (Men.idia menidia) , Tidewater 
silversides (Menidia !)eryllina) and rough silversides 
(Membras martinica) WE~re captured in all life stages 
(Tables 8 and 9). Eggs, larvae, and juveniles were 
occasionally numerous (>2/m 3 ) during spring and summer; 
only juveniles and adults (in low numbers) were captured 
in fall and winter. ~rhe eggs, normally demersal and attached 
to submerged objects, presumably had been dislodged by wave 
action and water currents. 
Striped bass q1orone saxatilis) and white perch (Marone 
americana) were captured occasionally in springtime samples 
(Tables 8 and 9) . Larvae and juveniles of striped bass were 
12 
taken; only larvae of white perch were captured. 
Stage II leptocephali of ladyfish (Elops saurus) were 
captured in springtime samples (Tables 8 and 9). Stage II 
leptocephali are typically found along beaches and tidal 
marshes (Mansuetti and Hardy, 1967) and this life stage 
has not previously been recorded from Chesapeake Bay. 
Other species were captured only in lower numbers. 
Hydrographic Data 
Ranges of salinity, wate! temperature, and dissolved 
oxygen data taken during 24-hour stations are presented in 
Tables 12, 13, and 14. Salinity and water temperature 
ranges are depicted in Figures 4 and 5. 
Salinities near the intake during the 1976 spawning 
season of anadromous fishes (April- June), remained above 
2.o%~(Table 12; Figure 4) causing freshwater and anadromous 
species to spawn farther upriver. From June - September, 
salinities were generally greater than 4.0%.and reached a 
maximum of 11.2%~in late September. 
Water temperatures at the intake were lowest during 
January and December and higest during July and August 
(Table 13; Figure 5). Discharge canal temperatures generally 
exceeded intake temperatures by 5-7 C unless one or both 
of the units were inoperative. 
Dissolved oxygen readings during 1976 revealed no 
oxygen deficiencies at either the intake or in the discharge 
canal (Table 14). One intake reading on 6-7 April was 
13 
comparatively low, but other samples during that sample 
period did not follow this pattern. 
Statistical Results 
Preliminary analysis included an examination of simple 
correlation matrices of potential regression variables in 
original and log-transformed scale. Correlations were 
generally hgiher betweE~n log-transformed dependent 
variables (Y.) and independent variables (X.) in their 
~ ~ 
original (untransformed) form. Sixty-two percent of the 
simple correlation coefficients (r) between dependent and 
independent variables v11ere declared signigicant, but most 
correlations were not high (maximum r = 0.634) (Table 15). 
Temperature had a significant positive correlation 
with all five measures of abundance. Salinity was 
significantly correlated with all Y. 's (measures of abundance) 
~ 
and was positive for all except Y (abundance of anchovy eggs). 
'+ 
The dummy variable spring was the only other independent 
variable that was significantly correlated with allY .. 
~ 
Y (total fish), Y (anchovy) andY (naked goby) (fish 
1 3 5 
abundances) were negatively correlated with spring, whereas 
Y (total eggs) and Y (anchovy) (egg abundances) were 
2 '+ 
positively correlated with spring. 
Fall had a significant negative correlation with all 
Y. (measures of abundance) except Y (anchovy fish) where 
~ 3 
the correlation was not. significant. Period was significantly 
correlated withY (total), Y (bay anchovy) andY (naked 
1 3 5 
14 
goby) (fish abundances) but not with Y (total) and Y 
2 4 
(bay anchovy) (egg abundances) . The remaining independent 
variables were not ocrrelated with the Y. 's (measures of 
1 
abundance). 
Descriptive statistics of the dependent and 
independent variables, and a summary of results of the 
regression analyses are in Tables 16 and 17 respectively. 
Each final regression equation is discussed separately; 
overall patterns are then summarized. 
1. Total Abundance of Fish (Y ): 
1 
The variables temperature, salinity, depth, location, 
period, fall and spring were retained in the final 
regression equation as significant predictorsof total 
abundance of fish (Table 17). The final equation for Y 
1 
was highly significant (P<O.OOl), but only one-third of 
the variation in Y was explained by the regression (R 2 = 
1 
0.335). Since the primary objective of the regression 
analyses was to assess the effects of the independent 
variables and not to predict abundance, a low R2 does not 
hinder the analyses. 
Temperature, depth and period had positive partial 
regression coefficients (hi's) i.e., their partial 
correlations with Y were positive. The equation predicts 
1 
an increasing total abundance of fish with increasing 
temperature, depth or period, holding the other variables 
constant. 
15 
Total abundance of fish was significantly higher 
(P<O.OOl) at the intake than in the discharge canal [ocation 
had a negative partial correlation) . The remaining variables 
had negative b.'s. Salinity had a positive simple correla-
1 
tion withY (Table 15), but the partial correlation 
1 
(allowing for other variables in the equation) was negative. 
Total abundance of fish was significantly lower in fall and 
spring than in summer. 
2. Total Abundance of Eggs (Y ) : 
. 2 
All independent variables except depth were retained 
in the equation for Y (Table 17). The equation was highly 
2 
significant (P<O.OOl) and explained almost two-thirds of 
the variation in total abundance of eggs (R 2 = 0.638). 
The partial regression coefficients for temperature, 
salinity, fall, winter and spring were positive; Y increases 
2 
as temperature or salinity increases, all else being held 
constant. Y was higher in fall, winter and spring than in 
2 
summer, after accounting for the effects of the other 
variables in the equation. 
Location, period and tide had negative b.'s; i.e., 
1 
the equation for Y predicts (holding the other variables 
2 
constant) a lower total abundance of eggs in the discharge 
canal, during the night or at a higher tide stage. 
3. Abundance of Anchoa mitchilli fish (Y ) : 
3 
The final regression equation for Y , significant 
3 
at P<O.OOl, explained roughly one-half of the variation in 
16 
abundance of A. mitchilli fish, and retained all variables 
except tide (Table 17). 
Temperature, depth, location and period had positive 
b.'s; as these variables increase Y increases. The 
1 3 
positive sign of b. for location means Y was higher in the 
l 3 
discharge canal than at the intake, holding the other X. 
l 
constant. Although location is retained in the equation 
b. for location P<O.lO, it may have no biological signi-
1 
ficance for Y . Alternately, it may result from a resident 
3 
population of ~· mitchilli living in the intake canal or 
higher velocity and less avoidance in discharge. 
Salinity, fall and spring had negative b.'s; allowing 
l 
for other variables in the equation, Y will decrease 
3 
(increase) as salinity, fall or spring increases (decreases). 
4. Abundance of Anchoa mitchilli eggs (Y ): 
4 
About one-half of the variation in Y was explained 
4 
by the highly significant regression (P<O.OOl) of Y on 
4 
all independent variables except tide (Table 17). Tempera-
ture, salinity, depth, fall and spring had positive partial 
regression coefficients; location and period were negative. 
5. Abundance of Gobiosoma bosci fish (Y ) : 
5 
The regression of Y on all X. except tide explained 
5 l 
roughly one-half of the variation of Y and was significant 
5 
at P<O.OOl (Table 17). The relationship between Y and 
5 
temperature, depth and period was positive; it was negative 
between Y and salinity, location, fall and spring. 
5 
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Statistical Summary_ 
Temperature was retained in all five regression equations 
as a significant (P<O.OOl) predictor of fish and egg 
abundances with the relationship between temperature and 
each Y. (measure of abundance) being positive. Salinity 
1 
was in all equations but the pattern of the relationship 
was more complex~ The partial correlation between salinity 
and fish abundances [Y (total), Y (anchovy) andY (naked 
1 3 5 
goby)]was negative, whereas between salinity and egg abun-
dances [Y .(total) andY· (anchovy)] it was positive. 
2 4 
Depth appears to be a significant variable for fish 
abundances but not for egg abundances; depth was not 
retained in the equation for Y (total eggs) and was just 
2 
significant (P<O.lO) for Y (anchovy eggs). The partial 
4 
correlation between depth andY (total fish), Y (anchovy-
1 3 
fish) and Y (goby-fish) was found to be positive and highly 
5 
significant (P<O.OOl). 
Location was retained in all equations, but for Y 
3 
(anchovy-fish) the relationship appears weak. The partial 
correlation between location and all measures of abundance 
except Y was negative and highly significant (P<O.Ol or 
3 
better) which means significantly lower catches were made 
from the discharge canal than from the intake. Back-
transformation of b , the partial regression coefficient for 
4 
location, gives an estimate of this decreased catch from the 
discharge canal [C. = (antilog b.) - 1]. Holding other 
1 1 
variables constant, the regression equation predicts C 
1 
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(total number of fish/100 cubic meters/collection) will 
be 0.972 units lower in the discharge canal. Likewise, 
C (total number of eggs/100 cubic meters/collection) 
2 
will be 2.90 units lower in the discharge canal. In other 
words, for every 100 cubic meters of water passing through 
the plant there will be, on the average, about 1 fish 
and 3 eggs removed. 
Period was a highly significant predictor of fish and 
egg abundances. For fish abundances the relationship was 
positive; i.e. night collections produced higher fish 
abundances than day collections, holding other variables 
constant. On the other hand, day collections yielded 
higher egg abundances than night collections. 
Tide was not a significant variable in four of the 
five equations but was retained as a negative term in the 
equation for Y (total eggs). 
2 
The season variables fall and spring were retained in 
all regression equations. The partial correlations between 
theY. 's (measures of abundance) and these variables were 
1 
similar, negative with fish abundances and positive with the 
egg abundances. The equations predict lower catches of 
fish in fall and spring than in summer and lower catches of 
eggs in summer than in fall or spring. 
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CONCLUSIONS 
VEPCO Surry Nuclear Power Station does entrain and 
remove some as yet, undeterminable portion of the 
ichthyofaunal populations present in that 10 mile section 
of the James River encompassing Hog Point. Statistical 
analyses of the 1976 data set reveal that abundance of 
fish is greatest during summer. Fish are more likely captured 
in midwater and bottom collec1:ions at night. Fish eggs, 
however, are more abundant in spring. Greatest catches of 
eggs are made during daylight hours at all depths. Abundance 
of both fish and eggs increasE~d as water temperature increased. 
Statistical analysis also revealed a statistically signifi-
cant decrease (P< 0. 001) in thE~ total number of fish and fish 
eggs/100m 3 /collection in the discharge canal. Specifically, 
on basis of 1976 da.ta, for every 100m3 of water passing 
through VEPCO Surry Nuclear Power Station, there will be 
an average of approximately 1 fish and 3 eggs removed. 
However, the ecological impac1: of this removal has not been 
determined. Pre-operational ichthyoplankton data are absent 
and current ichthyoplankton studies at VEPCO Surry have 
only been in progress since April 1975, thus long term 
trends have not become evident and estimates of ichthyo-
plankton abundance in the river proper are unavailable. 
Natural fluctuations in fish populations over the 
short term are considerable (logarithmic) and reflect 
20 
changes in natural mortality. Natural mortality from the 
egg to juvenile stage is 99% or more (Ahlstrom, 1954; 
Pearcy, 1962). Success of yearclasses is a function of natural 
mortality and conditions on the spawning and nursery grounds. 
Thus, from one year to the next there may be natural fluctu-
ations of one or more orders of magnitude. 
Fish population trends have been monitored from the 
pre-operational period to present. VEPCO data (screen 
impingement, seine and trawl) and VIMS trawl data reveal 
large changes (increases and·decreases) in relative abundance 
of some fishes in the vicinity of Hog Point (J. White, 
personal communication and Bender et al., 1974). 
Ichthyoplankton sampling is subject to many sources 
of variation including the gear used, the organisms them-
selves, sampling techniques, etc. Each gear has its own 
sampling inefficiences and direct comparisons of catch across 
gears is often not highly correlated for a given species. 
Variability in our ichthyoplankton data set is of a 
magnitude similar to that shown in seine and trawl catches 
near VEPCO Surry. Bay anchovy and naked goby are the most 
abundant species entrained by VEPCO Surry. Although not 
commercially important, they are important food items for 
commercially and recreationally important species such as 
weakfish (Cynoscion regalis), striped bass (Morone saxatilis), 
bluefish (Pomatomus saltatrix), catfish (Ictalurus sp.), etc. 
(Hildebrand and Schroeder, 1928). They are at times abundant 
21 
(relative to other species captured) in our samples; however, 
it is unlikely that their centers of abundance are located 
at VEPCO Surry since both species prefer slightly more 
saline waters when spawning. 
Sharp decreases or increases may occur within adult 
anchovy populations from year to year. These are natural 
fluctuations that are a part of the biological attributes 
of any fish populat.ion. However, VIMS James River winter 
trawl data (Hoagman and Kriete, 1975) and VEPCO data 
(White, 1976) indicate relatively stable adult bay anchovy 
populations over the long term. Therefore, it is doubtful 
that VEPCO Surry Nuclear Power Station has exerted a signi-
ficant deleterious effect upon the adult bay anchovy 
populations within the James River. 
Naked goby are seldom captured in trawl or seine 
surveys. They inhabit oyster conununities and other areas 
where crevices, etc. afford shelter. It is impossible to 
obtain a realistic estimate of adult population levels, 
therefore, no effect of the plant on population levels can 
be determined. 
Species of direct economic or recreational value did 
not constitute a significant portion of total fish captured 
(comparing relative abundance of all species). Spot, 
croaker and menhaden were the most abundant of these 
species. Each was captured seasonally as it entered the 
James River nursery area. Occasionally each was captured 
22 
in calculated densities of over l/m3 • As these species 
move into the nursery area and re-distribute, they could be 
potentially subject to entrainment with each tidal oscil-
lation thereby increasing the actual chance of entrainment 
of any given group of larvae or postlarvae. 
Our ichthyoplankton data set alone cannot assess the 
impact of VEPCO Surry upon the finfish resources near Hog 
Island. In recent years, the James River has been 
subjected to numerous stresses, i.e., organic and inorganic 
pollutants, siltation, flooding, etc. To extract any one 
stress (e.g., VEPCO Surry) from such a combination of effects 
is extremely difficult, especially when the effects of other 
stresses have not been fully realized. Coupled with 
sampling variability, natural population fluctuations, 
biological attributes of ichthyoplankton, and other 
sources of variation inherent in any sampling program, 
any changes other than those of catastrophic proportions are 
difficult to discern. Currently we can define the species 
and quantity of ichthyoplankton entrained and passed through 
the Surry facilities. The interpretation of plant impact 
upon finfishes in the vicinity of Hog Point requires 
analysis of all data sets (trawl, seine, screen and 
ichthyoplankton) for long term trends in speciation and 
abundance taking into account all factors acting upon the 
estuarine ecosystem. 
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FRONT VIEW TOP VIEW 
Figure 1. Paired net apparatus used at VEPCO Surry 
Nuclear Power Plant for ichthyoplankton 
collections. 
I 
en 
LL 
LL 
0 
0: 
w 
CD 
~ 
::::) 
z 
1000 
100 
10 
0 INTAKE 
~ DISCHARGE 
14-15 12-13 2-3 16-17 6-7 1415 19-20 28-29 5-6 11-12 17·18 25-26 3-4 28-29 26-27 24-25 2~0 2Q-21 4-5 2-3 
JAN FEB '--v--' ---....,....--__, '-------.J '----v--' JUL AUG SEP OCT NOV DEC 
MAR. APR MAY JUN 
Figure 2. Average number of fish per sample (100m 3 ) 
captured at VEPCO Surry Nuclear Power Plant 
during 24-hour plant entrainment stations 
in 1976. 
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Figure 3. Number of species (fish and eggs) captured at VEPCO Surry 
Nuclear Power Plant during 24-hour plant entrainment 
stations in 1976. 
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Figure 4. Ranges of salinity (PPT) at the intake of 
VEPCO Surry Nuclear Power Plant during 24-hour 
plant entrainment station in 1976. 
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Figure 5. Ranges of water temperature (C) at the intake 
of VEPCO Surry Nuclear Power Plant during 24-
hour plant entrainment stations in 1976. 
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Table 1. lchthyoplankton sampling schedule for plant and plume entrainment studies at VEPCO Surry Nuclear Power Plant 
(January through December 1976) 
Study Jan. Feb. Mar. Apr. May 
Plant Entrainment X X XX xxxx xxxx 
Plume Entrainment X X XX xxxx xxxx 
*Units 1 and 2 not in operation, no plume samples taken. 
June July Aug. Sept. 
XX X X X 
XX XX xxxx XX 
Oct. Nov. 
X X* 
X XX* 
Dec. 
X* 
XX* 
w 
0 
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Table 2. Independent variables (Xi) for stepwise multiple regressions. 
x1 Water temperature, C 
x2 Salinity, ppt 
x3 Depth of sample, meters 
Location dummy variable: 0 = intake, 1 = discharge canal 
Period dummy variable: 0 = day (5.0 to 16.9 h EST) 
1 =night (17.0 to 4.9 h EST) 
x
6 
Tide, represented by a cosine functio~: 
Tide Stage e 
---
Tide = Cos 8 
Early flood 225° -0.7071 
Max flood 270° 0.0 
Late flood 315° 0.7071 
Slack before ebb 00 1.0 
Early ebb 45° 0.7071 
Max ebb 90° 0.0 
Late ebb 135° -0.7071 
Slack before flood 180° -1.0 
x7, X~, Xg 
eason dummy variables: 
Season x7, Fall = x8 , Winter = 
Summer (July,Aug.,Sept.) 0 0 
Fall (Oct., Nov., Dec. ) 1 0 
Winter (Jan., Feb. ,Mar.) 0 1 
Spring (Apr., May, June) 0 0 
Xg, 
-·--------------------------
Spring 
0 
0 
0 
1 
= 
32 
Table 3. Average number of fish and fish eggs (100m3 ) per 
sample (all depths combined) captured in 24-hour 
plant entrainment samples at VEPCO Surry Nuclear 
Power Plant from January through December 1976. 
INTAKE DISCHARGE 
DATE Larvae Eggs Larvae Eg:g:s 
Jan. 14-15 5 0 4 0 
Feb. 12-13 12 0 5 0 
Mar. 2- 3 34 0 36 0 
Mar. 16-17 35 0 10(a) o<a> 
Apr. 6- 7 15 0 18 <1 
Apr. 14-15 3 0 3 <1 
Apr. 19-20 2 0 4 1 
Apr. 28-29 5 0 20(b) o<b> 
May 5- 6 3 11 10 3 
May 11-12 57(c) 99(c) 6(d) 4l(d) 
May 17-18 12 1,020 6 231 
May 25-26 18 248 9 75 
June 3- 4 13(b) 667(b) 10 411 
June 28-29 787 267 216 106 
July 26-27 1,187 64 445(d) 12(d) 
Aug. 24-25 58 40 81 18 
Sept. 29-30 43 0 14 <1 
Oct. 20-21 42 0 15 0 
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Table 3. (Continued) 
INTAKE DISCHARGE 
DATE Larvae Eggs Larvae Eggs 
Nov. 4- 5 
Dec. 2- 3 
6 
14(e) 
0 
o<e) 
~ 
32(e) 
0 
o<e) 
a - Two entire discharge sampling periods aborted due to 
high winds. 
b - One sample jar spilled, broken, or not preserved. 
c - Three sample jars spilled, broken, or not preserved. 
d - Two sample jars spilled, broken, or not preserved. 
e - Flowmeters frozen at 0600 hours sampling so numbers/100m3 
could not be calculated for those samples. 
Table 4. Average (yearly) number of fish and fish eggs (100m3) per sample (by depth) 
captured in 24-hour plant entrainment samples at VEPCO Surry Nuclear Power 
Plant during 1976 and percentage decrease from intake to discharge. 
Intake Discharge Intake Discharge Intake Discharge 
Surface Surface Midwater Midwater Bottom Bottom 
Fish 54 31 150 47 148 65 
% Decrease 43% 69% 56% 
w 
~ 
Eggs 76 43 125 42 117 50 
% Decrease 43% 66% 57% 
Table 5. Average number of fish and fish eggs (100m3) per sample (by depth) captured in 24-hour plant 
entrainment samples at VEPCO Surry Nuclear Power Plant from January through December 1976. 
INTAKE SURFACE INTAKE MIDWATER INTAKE BOTTOM DISCHARGE SURFACE DISCHARGE MIDWATER DISCHARGE BOTTOM 
DATE Fish Eggs Fish Eggs Fish Eggs Fish Eggs Fish Eggs Fish Eggs 
Jan. 9 0 2 0 4 0 2 0 6 0 3 0 
Feb. 18 0 13 0 6 0 4 0 6 0 5 0 
Mar. 11 0 41 0 49 0 15 0 39 0 55 0 
Mar. 8 0 28 0 70 0 3 0 14 0 14 0 
w 
Ul 
A--- 7 0 9 0 28 0 4 0 25 0 26 ~1 rt.J:n. 
Apr. 2 0 2 0 5 0 <1 0 3 <1 5 0 
Apr. 4 0 1 0 2 0 1 0 5 1 5 1 
Apr. 5 0 2 0 7 0 6 0 12 0 43 0 
May 6 12 3 11 2 9 10 2 11 3 10 2 
May 146 136 18 102 7 59 4 37 8 49 6 37 
May 16 665 13 867 7 1527 5 190 7 248 5 255 
May 12 87 32 301 9 357 10 88 8 59 10 78 
June 12 331 14 711 13 959 6 440 12 371 11 424 
June 366 183 1054 384 940 235 153 74 201 79 294 165 
Table 5. (Continued) 
INTAKE SURFACE INTAKE MIDWATER INTAKE BOTTOM DISCHARGE SURFACE DISCHARGE MIDWATER DISCHARGE BOTTOM 
DATE Fish Eggs Fish Eggs Fish Eggs Fish Eggs Fish Eggs Fish Eggs 
July 404 60 1612 109 1544 23 290 10 425 15 619 11 
Aug. 42 36 66 21 67 63 53 14 70 17 120 22 
Sept. 3 0 7 0 119 0 4 0 15 <1 23 0 
Oct. 0 0 59 0 68 0 19 0 16 0 11 0 
Nov. 0 0 5 0 12 0 8 0 7 0 3 0 
w 
0'\ 
Dec. 8 0 26 0 9 0 30 0 40 0 26 0 
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Table 6. Number of species of fish and eggs captured in 
24-hour plant entrainment samples at VEPCO Surry 
Nuclear Power Plant from January through 
December 1976. 
Number of SJ2ecies 
Date Total Fish Eggs 
Jan. 14-15 5 5 0 
Feb. 12-13 9 9 0 
Mar. 2- 3 8 8 0 
16-17 6 6 0 
April 6- 7 10 9 1 
14-15 8 7 1 
19-20 9 8 2 
28-29 8 8 0 
May 5- 6 11 11 1 
11-12 10 10 1 
17-18 11 9 5 
25-26 10 8 4 
June 3- 4 9 7 5 
28-29 14 13 4 
July 26-27 9 9 3 
Aug. 24-25 11 9 4 
Sept. 29-30 7 7 1 
Oct. 20-21 5 5 0 
Nov. 4- 5 3 3 0 
Dec. 2- 3 5 5 0 
Table 7. Abundance of dominant species of fish and one species of fish eggs captured during 24-hour sampling stations at VEPCO Surry Nuclear 
Power Plant from January through December 1976 (taken from numbers/100m3). 
I N T A K E D I S C H A R G E 
Anchoa Anchoa 
Anchoa mitchi11i Gobiosoma Micropogon Brevoortia Anchoa mit chilli Gobiosoma Micropogon Brevoortia 
DATE mitchi11i eggs bosci undulatus tyrannus mitchi11i eggs bosci undulatus tyrannus 
Jan. 14-15 0 0 0 35 0 0 0 0 60 0 
Feb. 12-13 22 0 0 128 135 27 0 0 59 17 
March 02-03 766 0 0 380 6 922 0 0 260 3 
w 
March 16-17+ 215 0 0 267 680 92 0 0 62 75 co 
April 06-07 9 0 0 95 225 69 0 0 116 385 
April 14-15 3 0 0 41 44 26 0 0 21 48 
April 19-20 0 0 0 27 40 26 4 0 15 64 
April 28-29* 5 0 8 10 71 59 0 7 22 393 
May 05-06 2 383 11 7 42 88 94 3 12 230 
May 11-12++ 0 3,226 69 8 16 15 1,389 19 3 75 
Nay 17-18 67 36,703 94 15 4 28 8,295 43 0 94 
May 25-26 8 8,933 436 0 6 7 2,698 240 0 8 
June 03-04* 0 23,295 248 0 0 9 14,774 287 0 4 
June 28-29 1,880 9,629 23,689 0 0 283 3,806 7,433 0 3 
Table 7. (Continued) 
INTAKE D 
Anchoa Anchoa 
Anchoa mit chilli Gobiosoma Micropogon Brevoortia Anchoa mit chilli 
DATE mit chilli eggs bosci undulatus tlrannus mit chilli eggs 
July 26-27** 9,468 2,305 30,805 0 0 3,814 409 
Aug. 24-25 506 1,439 1, 234 0 0 746 595 
Sept. 29-30 758 0 43 303 0 157 5 
Oct. 20-21 815 0 23 678 0 415 0 
Nov. 04-05 5 0 5 192 0 14 0 
Dec. 02-03+t+ 20 0 0 398 0 27 0 
+ Sampling aborted due to bad weather (12 sample jars). 
* 1 sample spilled or jar broken. 
++ 5 samples broken on this date. 
** 2 samples not preserved on this date. 
+t+ Flowmeters frozen at 0600 station; therefore numbers not calculated for 12 sample jars for 100m3 • 
I S C H A R G E 
Gobiosoma Micropogon 
bo::;ci_ - _] __ ,- .L..---ULlUU.l.dLUt> 
11,053 0 
2,044 0 
28 214 
0 128 
0 195 
0 930 
Brevoortia 
tyrannus 
0 
0 
0 
0 
0 
0 
w 
\.0 
Table 8. Species and number of fish captured during 24-hour stations at VEPCO Surry Nuclear Power Station in 
1976. 
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Table 8. (continued) 
FEO~UARY 12 - FtBRUAKY lle 1976 
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ALOSA PSE~J~HA~ENGUS 
ANC ... ::A II' ITCHILLI 
A~GUlllA KuSTKATA 
attt:VOOkTIA TYr<.ANNUS 
IIUC.~ll~OC-1:• U"4:JULATUS 
~OTkli.,IS H~l>Sll ... J U~ A 
SURFACE 
LEFT kiGHr 
1 
z 1 
1 4 
l 
1 
1 z 
1 
4 2 
8 1 
l 
I~T~KE 
H 1 Ot.AT t:R 
Lff-T RIGHT 
1 
3 7 
1 
1 3 
l 
1 
1 
1 
1 
1 
3 
2 1 
DISCHARGE 
b~TTO~ ~UM.FACE MIJ.,ATER BOTTOM 
LEFT RIGHT LEFT KIGHT LEfT KIGHT LEFT RIGHT 
1 l 
1 
1 l 
1 1 .. 
.... 
1 1 1 
1 
l 1 1 1 
1 1 
1 1 z 
1 1 . 
1 
& 
1 1 2 
1 
1 1 
1 
. ' 
Table 8. (continued) 
INTAKE DISCHARGE 
STATION 
SPECIES T I Mt: SURFACf MIOWATER BllTTOM SUitFACE MlOWATEtt BOTTON 
lEFT tdGHT LEFT P.IGHT LEFT tUGHT LI::FT RIGHT LEFT RIGHT LEFT KIGHT 
2~ 
ALOSA AESTIVALIS 1 1 1 1 1 1 
ANCHOA MIT\.:HILLI 1 1 
ANGUtLLA ~O~T~AJA 1 1 
6Kt:VOORTIA TYltt\~.JNUS 2 4 2 
.. MENIDiA ~ER~Lli~A 2 1 
MIC~UPUGO~ U~OULATUS It 2 2 1 z 1 
HUH.l'i~~E A:o4t:tU CA~A 1 
bO 
Ai~CHOA MITCUILLI 1 
A~GUJLLA ROST~ATA 1 1 1 
~~EVUORTIA TY~4NNUS 2 .. MICRUPOGUN UNDULATUS 4 1 1 . 2 2 ~ 
Table 8. (continued) 
MARCH 2 - ~ARt~ ), 191ft 
INTAKE OISCHARGE STATION 
SPECIE~ TIME SUkf t.C l: Mh>wATER 6UT ror• SURfACE MIDWATER BOTTOM lEFT KIGHT lEf-T RIGHT lEfT ~IGHI lEFT kiGHT lf~l RIGHT· lEFT RIGHT 
100 
AlOSA AEST;'/AliS 2 1 A"Ch'"1A M lT ~til Lll 6 2 1 J 2 6 15 11 8~tvr.uKTI~ TY{\~~US 1 
~E~IOI~ bE~YLLINA 1 
MIC.~Ili'uC,o;·~ U'\:JULATUS 1 l S~E,IMEN AANGLtU 1 1 
140 
.. A~Ct'~A 't IJCH I Lll 26 15 1 1 3 2 15 • 
w 
BREVOukTIA TY~ANNUS 1 
180 
ALOSA AESTIV4LIS 1 1 It 4. 2 z 1 A~CHC.\ r-'. itCH I Lll 9 5 ll 11 2 • 4 
" 
lJ A'~UlLLA ~JSTR.\IA 1 l tstt ~ V ~!.J~ 1 I A T Yr<A!\11\:US. 1 
NICkUPCGO~ U~OULATUS • 14 13 9 2 
" 
11 , • 
220 
AlOSA AESTI'/AliS J 8 1 1 2 A~CH~1A r.1 TC:HLL I s us 22 1 3 4 13 • 24 )5 A~GUILLA ~~STRATA 1 J 2 L~l0iTO~~S XA~T~~RUS 1 
MENIOlA ~E~YlLI~A 1 MIC~O~OGO~ U~O~LATUS 2 s 
" 
J z z 1 
' 20 
Al~SA PSEU,~H,~ENGUS 1 
A~CH'lA "'\ l Tttt llll Ct 6 1d 15 ) 9 11 • 1 A~G~ILLA kOSfRATA 1 1 1 ~ltRu~~GO~ U~OULATUS l s 1 s 2 1 1 5 J z 
Table 8. (continued) 
SPECIES 
STATION 
TlatE 
60 
ALOSA AESTIVALIS 
ANCl-40A MITCH ILL I 
ANGUILLA KO~TKArA 
MlCkUPUGON U~~vLATUS 
SURFA<.E 
LEFT KIGHT 
INTAKE 
~.1 OWATEk 
LEFT RIGHT 
5 
17 
1) 
6 
~OT fOM 
LEFT KIGHT 
10 11 
3 
DI~C.HARGE 
SUit FACE 
LEFT RIGHT 
z 
1 
1 
2 
HIDWATEa 
LEFT RIGHT 
1 
Zl 
6 
lZ 
1 
s 
BOTTO .. 
LEFT &IGHT 
Z2 
1 
13 
z 
.. 
.. 
Table 8. {continued) 
~ARCH 1 f» - tMkCtt 17, 1976 
INfA~E OISCHAR~E STATION 
SPEC.IES T I :4E SU:(F ,\C E MIOWATER dOT TOM SUAFACE MIO,.ATER lOT TOM LEFT RIGHT LEfT RIGHT LEFT RIGHT LEfT RIGiiT LEfT RIGHT LEFT RIGHT 
100 
ANChCA P41TCHILLI 1 BREV~UkTIA TY~A~NUS 1 3 1 1 1 L L(I~~~U~JS ~~NTHU~~S 1 MICkU~UGJN UNO~LAJUS 1 1 
140 
ANCH~A MITCHILLI L 1 1 bKE Vllf);( T I A T YRA ~NUS J 1 z ] 1 MICkUPU~~~ U~O~LATUS 1 1 .. 
Ul 
180 
A~CHOA MITtHILLI 1 1 ) 
81{EVIJUIUIA TY~A;•NUS 1 6 1 2 
LEIU~lCMO~ XA~IHU~US 1 
MlCRlJ~OGON UNO~LATUS 1 1 1 7 
zzo 
A~C~OA MITCHILLI 1 1 
8R~ V'.;JK 11 A TY~A~NUS 1 1 z 1 
LEIO~JG~US XA~THURUS 2 
MICROPOGuN UNOULATUS • 2 1 l 
20 
ANCHCA ~ITCHllll 2 1 s 1 
' 
1 ANCUlLL~ ~OST~ATA 1 8R~VCUKTIA TYRANNU~ l.. 1 2 • 1 1 1 LE IOSTC!:1US XAiHtiUP.US l 1 MICKO~OGON U~OULAIUS 1 1 1 L z z 
Table 8. (continued) 
$PECIES 
STATION 
TlMt: 
60 
ANtHOA· MITCHILLI 
ANGUILLA KOST~ATA 
Bl{i:VQ:~J<. T lA TY~AI'~NUS 
SUk.fACE 
lEFT KIGHT 
1 
1 
8 4 
l F. I OS T OMUS ..X.A.~J HURU.S _______ ·- _______ 
MH! lOlA BERYLLINA 1 
INTAI<E 
MIOWATER 
lEFI RIGHT 
3 It 
1 .3 
l. 2 
oOTTOM 
LEFT ~IGHT 
2 3 
1 J 
1 
OIStHAilGE 
SURFACE 
LEFT RIGHT 
1 
1 1 
MlOWATE:R. 
LEFT ~IGHT 
2 3 
2 .. 
1 . -.1 
BOTTOM 
LEFT RIGHT 
2 2 
2 
Table 8. (continued) 
lP~ll ~ - AP~IL 7, 197~ 
SPEC JES 
STATIQN 
TI!1E 
100 
ALOSA PSEUJC~A~E~GUS 
A~Ct't.J4 !~~tiTCiilll l 
6"- EV;J()!t T lA TYRA~~US 
LE ll;$T'1~US XA~HttUi4.US 
"'u~C'~t A'4E~lCA:-.tA 
M'1kCNE SA.<AllliS 
140 
ANC.HOA MITCH Ill I 
6~EV~J~TIA TYKA~~US 
lEIOSTO~~S AA~THURUS 
MlC.kO~OGa~ UNDULATUS 
180 
&~CHUA "ITtHILLI 
8~(~u~~rJ• TYRANNUS 
LEIOSTOM~S XANTH~MUS 
MICR~~O~~~ UNOULATUS 
220 
A~CHOA MITCHilll 
ANGUILLA ROSTaATA 
6kEVO~~TIA TYKANNUS 
l~ICSTC~US XA~THURUS 
Mlt~OPOGON U~JULATUS 
MOttu:~t A.otf:R ICANA 
MOKC:•E SAXAllliS 
SURfACE 
lEFT RlG~T 
) 1 
1 
1 z 
s .. 
1 
I fttf AK.E 
MIOIIfATER 
LEFT RlC.HT 
1 
1 
9 8 
.. e. 
1 . 
1 
1 
1 
2 1 
5 
1 
~OTTO~ 
LEFT KIGHT 
1 
1 
1 
10 8 
2 
1 
15 14 
4 ) 
l. e. 
SU~fAtE 
LEf-T RIGHT 
1 
z 
1 
l 
3 
1 
1 
01 SCHARGE 
MIDWATER 
LEfT M-IGHT 
1 
2 
8 
8 
2 
3 
1 
1 
• 
z 
5 
z 
9 
z 
&OTTO" 
LEFT RIGHT 
J 
' 1 
z 
1 
1 
• J 
2 
.. 
...,J 
1. 
3 
z 
1 
• 
1 
1 
' z 
' 
Table 8. (continued) 
INTAKE DISCHARGE 
STAT hlN 
SPECIES T I:-.: SURFACE MIOWATER tS.OTT 01111 SURfACE MIO .. ATt:R BOTTOM 
LEFT KIGHT lEFT RIGHT lEFT kiGHT LEfT KIGHT LEFT RIGHT LEFT RIGHT 
20 
ANCH0A. MITtHILLI 1 1 l 
A~r,UILLA ~uSTKAIA 1 1 
BKEVUO~TIA TYKA~~US 1 1 ~ 1 1 12 1 5 4 
LEIUSTOMUS XA~THUkUS 1 1 2 1 3 5 
MlCkUPUGUN UN~ULATUS 1 ~ 1 d 6 4 1 
60 
ANCHOA MlTCHILLI 1 
ANGUILLA R0ST~ATA 1 
BREVOU~TIA TY~ANNUS 1 1 1 1 2 1 
LE lOS l"QI•1US XMHiiURUS 1 
MlCH.O?CGON \JN:JULATUS 2 1 1 1 1 1 1 
HO~ON( SAXATILIS l .. (I) 
Table 8. (continued) 
APRil 14 - APKIL lS, 1976 
I :'if A!(E DISCHARGE STATION 
SPECIES T ~~~ ~U"fAC~ M IO.,.ATEk atOTHJM SURFACE "IO'IIATER BOTTO .. LEf-T ·UGtH Lffl KIGHT LEfT KIGHT LEfT kiGHT LEFT klGHT • LEFT RIGHT 
100 
A~~UlLLA ~UST~ATA 1 d~EVO~~TIA TY~A~~US 1 1 LEIJSTC~US XA~THU~uS 1 ME,luiA a~R1LLINA 1 
l~ 
8kEV~u~TIA TYRAN~US l 1 1 Mlt~J~CGO~ U~OULATUS 1 
.. 
\D 
180 
ALO~A AESTIVALIS l A:OiC~HJ.\ MITCH Ill I 1 1 1 8~EVOU~T1A TYRAN~US 1 1 1 2 2 
220 
ASCHOA MlTCHILll 2 2 :hH. V J.J" T 1 A lYRA ··~iJS 1 
L~lO~TC~JS X4~T~U~US l 
MltROPUGCN UN~ulATUS l 2 2 2 
20 
AhtH~A MITCHILLI l A~uUILlA ~O)TKATA 1 
~~~VilORTtA TY~A~NUS l 1 1 l 1 .1 I LEl~STCkUS XANTHUKUS 1 
~ICkO~UGON UND~LATUS 1 z 1 1 1 1 
t.O 
ANC.H•JA MITCttllll 1 oKE~~J~TlA Tt~A~NUS 2 2 2 2 "lt~OPO~Q, U~UULATUS 1 
SPECI1~% ~~~~LEa 1 
Table 8. (continued) 
APKIL 19 - AP~IL 20, 197~ 
SPECIES 
STAT I Of~ 
TIME 
100 
BKEVUORTIA TYtlAN~US 
HOKONE SAXATILIS 
lltu 
100 
ANCHOA MITCHILLI 
OR(VOuRTIA TYKA~NUS 
HICRO~OGUN UNOULATUS 
llO 
ANCHOA MITCH ILL I 
BkEVOORTIA TYRANNUS 
ICTALUKUS ~UNCTATUS 
lEIOSTOMiJS XANTitU~US 
M£NliH A Mb~lOlA 
MltRU~UGON UNOULATUS 
HOKUNE SAXA I IllS 
20 
ANCHUA MJTCiilLLl 
ANGUillA KUSTKATA 
6~EVJORTIA TY~AN~US 
LEIOSTOMUS XANTHU~US 
MICkUPOGON UNuULATUS 
SPfClHEN MA~GLEO 
6U 
ANCHOA MITCHJLLI 
BRfVUOMTIA TYKANNUS 
su.~FACE 
LE.FT RiGHT 
1 
1 
1 
J. 
l 
1 
INTAKE 
HIO~ATEk 
LEFT KIGHT 
1 
1 
1 
1 
J 1 
1 
bQTTO:ot 
LEFT KIGHT 
l 
1 
SURFACE 
LEfT KIGHT 
1 
! 
DISCHARGE 
MIOWATER 
LEFT RIGHT 
1 
3 
1 
1 
2 
l 
1 
1 
1 
2 
1 
1 
2 
BOTTOM 
LEFT RIGHT 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
U1 
0 
3 
1 
1 
2 
Table 8. (continued) 
APRil 28 - APkiL 29, 1 .. ,. 
INTAK-E DISCHARGE STATION 
SPEtlES TIME SU~FAC E MIUWAfER dOT roN SJRFACE Mll>WATE" BOT TOft lEFT ~IGHT lEFT kiGHT lEfT kiGHT LEFT kiGHT LEFT RIGHT lEFT fUGHT 
10\l 
ANCHOA ~ITCHILLI 6 6 BRtVO~RTIA TYRANNUS It 7 6 GOU I DSu14A d·JSC 1 7 
lEICSTO~~S l~~THURUS 12 6 ME~IOIA 1'1£::-41014 6 
1 .. 0 
U1 
8~EVOORTIA TY~ANNUS ~ 
• J GOtUOSOS4A uOSC.I z 
ltsO 
ANCHU4 ~IJCHILll 9 
' 
8~fVCORT1A TY~A~~US l 6 10 01,;!-{USUf·~A C.EPEtll ANUM l. 
GOBIOSOff.A dOSC I ) 
2ZO 
8KEVOOR TIA TY~ANNUS 1l 15 ., lEinSTCMUS XA~THURUS 9 6 HICkUPUGUN UN~UlATUS 8 
20 
A~CHnA MITCHILll J 2 27 B~tVUU~JlA TY~A~NUS )2 14 1J 27 ZJ l!:lOSTCMUS XA~THUktJS l 1~ MtNIJlA BE~YLLINA 2U 7 2 13 M l~ hH A Mt'U )I A 20 10 7 J 
MIC.KUPUGO~ UNU~LATUS 2 14 • 
Table 8. (continued) 
SPECIES 
STATION 
TIHE 
60 
ANCHOA MITCHILLI 
B~EVOC~TIA TVRA~NUS 
GCBIOSOMA BOSCI 
LEIOSTOMUS XANTHUKUS 
HENIDIA ~ERVLLI~A 
SUkFACE 
LEfT c<.JGHT 
INTAKE 
MlOWATER 
LEFT iUGHT 
) 
BuT TUM 
LEFT RIGHT 
DISCHARGE 
SURfACE 
LEfT RIGHT 
KIOWAT ER 
LE:FT RfGHJ 
BOTTOM 
LEFJ RIGHT 
63 
63 
63 
125 
63 
U1 
N 
Table 8. (continued) 
-4AY 5 - MAY 6, 1'176 
I ~TAK-E DISCHAkGE 
STAT I or• 
SPEC~ES TIME SU,(fACE Mao .. .-rER &)UT hlM S\lllfACE MIOWATER BOTTOM 
LEFT KlvHT LE~T ttiGHT LEfT RIGHT LEFT KIGHT LEff KIGHT lEfT RIGHT 
100 
ANCHO~ ~ITCHllll 1 1 
A~~UllLA ~OSTRATA 1 
8t\E~.I'JRTlA TYKA\,..US 2 1 l 2 
lEIOSTO~US XA~THUkUS 1 
~ICkOP~GjN u~DulATUS 1 
14\) 
A~CHOA ~ITCHllll 1 
. 8"l::VUdtU I A TYRA:'-4NUS J 1 1 U1 
LEIO~TC~JS XANTHURUS 1 w 
~c~lOlA uE~YLLI~A z 
Ml~IOIA ME..,.IOIA 1 
1410 
ANCHUA M ITCrtllll 1 1 1 8PEVOaKTiA TYRANNUS 1 1 G\JSIUSU!I4A SOSCl 1 Mt:NIOIA ME~IOIA l 
220 
ANCHOA MITCHllll '1 • 1 1 7 1 
' 
A~&UllLA ~OSTRATA 1 1 8K E VOJk T I A T Y RA"t'US 1 l 1 zo 4 lZ 
' ' 
• EL'JPS SAURUS 1 
lEI U~ J,.,;·hJS XANTti\JRUS 1 1 1 1 1 1 ~ICKO~OGON UNOULATuS 1 
Table 8. (continued) 
STATION 
SPEC.ItS TIME 
20 
ANCH'JA MITCHilLI 
~KtVCORTIA TY~ANNUS 
OOROSUMA PETENENSE 
ELIIPS SAURt.JS 
GOBIJS0~1A ::luSCI 
~~t~0~0GON U~OULATUS 
f40r{u:'~E SAXA TIllS 
OORUSUMA PETENENSE 
HENIOIA BE~YLLINA 
SURFACE 
LEFT KiGHT 
1 
INTAKE 
MIOWATER 
LEFT RIGHT 
2 
1 
BOT TUM 
LEFT -<IGHT 
2 
1 
DISCHARGE 
SUit FACE 
lEFT RIGHT 
1 
1 
1 
MIDWATER 
lEFT RIGHT 
3 
2 
3 
2 
BOTTOM 
LEFT RIGHT 
1 5 
1 
1 
1 
Table 8. (continued) 
MAY 11 - HAY 12, 1~76 
INTAKE DISCHAkGE 
STAT ION 
SPEC IE S T I r .. E SURfACE HIOWATER B3TTU."1 SU~FACE MIOWATER BOTTOM 
LEFT RIGHT U:fT ~IGHT LEFT h.IGHT LEFT KIGHT LE:FT RIGHT LEFT RIGHT 
100 
GUiHOSOMA BOSC I 1 
M~M6kAS ~ARTINICA .3 
HtNlDIA bE:RYLLINA b 1 1 
MENIOIA' i"~ci\il DIA 49 2 4 l 1 1 
140 
ANCHllA MlTCHILLI 1 
MENIOIA t·~ENIDIA 2 U1 
U1 
180 
A~CHCA MlTCIHLLl 1 
BKEVOJ~TIA TYRANNUS . l 1 1 1 GUtHOSO,.,A BOSCI l 2 l z 2 
LEIOSTO~US XA~lHURUS 1 
MENilJIA ME~iiDIA 1 l 1 1 1 1 
MlCK~~~GUN U~0ULATUS 1 
220 
ANCtiOA r-1 1T CH 1 LL I l l 
ANGUILLA KOSTRATA 1 
~REVOURTIA TYRAN~US 3 2 1 
EUWS SAUkUS 1 
GU•HOSOi-1A dUSCI 2. 1 
MENIOIA 8E~YLL1NA 1 2 1 1 2 1 2 
MENIOIA ME1\IIUIA 2 2 3 1 3 
20 
BREVOORTIA TYRANNUS l 1 2 3 7 
MENIDIA ~E~YLLINA 1 2 
MENliJlA MENliJlA l l. l 
MICROPOGJ~ U~DULATUS l 
Table 8. .(continued) 
SPECIES 
STATION 
TI~E 
60 
G08IOSOMA BOSCI 
HENlDIA ~ERYLLINA 
MENlDIA MENIOIA 
MICRO?OGON UN~ULATUS 
su:,FACE 
L t:fT KIGHT 
1 
1 
1 
1 
INTAKE 
Ml m"ATER 
ltfT iUGHT 
1 1 
dUTTOM 
LEFT ltlGHT 
DISCHARGE 
SURfACE 
LEFT ft.IGHT 
1 
1 
HIOWATfR 
LEFT RIGHT 
2 
BOTTOM 
LEFT RIGHT 
Table 8. (continued) 
MAY 17 - MAY lb, l'17o 
INTAKE OISCHAR\iE 
STATION 
SPECIES T li4E SURFACE t'.liJWATEK BLITTOH SURfACE MIOWATER BOTTOM 
LEFT R lGtiT LEfT KIGtiT LefT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
GOBIOSOMA ~CJSCI 1 
140 
ANCHOA HITCHILLI 1 1 1 
GOBIOSO..,A Br:lSCI 2. 1 3 
MEH~KAS MAkTlNICA 3 
NENIOIA t-\ENIOIA 2 1 1 
Mt:NlDlA SP. l 
U1 
180 .....J 
ANCHOA MITCHILLI 1 d~EVUORTIA TYRANNUS 2 . 1 2 1 1 
GOBIJSOMA BUSCI 2 
MEM~KAS ~AKTINICA 1 
MENIOIA BERYLLINA 1 
ME:NIDIA Mt:NIOIA 1. 1 2 
220 
ANCHOA MITCHILLI 1 1 
ANGUILLA ROSTRATA l 1 
SREVOORTIA TY~ANNUS 1 5 3 3 2 1 
GOtilO~OHA 130SCI 1 l 
MENIUIA MEI-UDIA l 
Table 8. (continued) 
INTAKE DISCHARGE 
STATION 
SPECIES TI~E SURFACE MIDWATER llOTTOH SURFACE MIOWATER BOTTON 
LEFT kiGHT LEFT kiGHT LE:FT RIGHT LEFT kiGHT LEfT ~IGHT LEFT RIGHT 
20 
ANCh~A MlfCHILLI 1 1 2 1 2 1 
ANGUILLA ROSTKATA 1 1 
SK~VJOKTIA TY~A~NUS 2 2 1 
G'J~i~J$0 1-tA BOSCI 3 1 2 1 1 
LEIO~TOMUS XANTHURUS 1 
MC~IJIA 8E~YLLINA 1 l 2 1 1 
HENlOIA ME~HUIA 3 1 
MIC~~~OGON UNDULATUS 1 
60 
ANCH3A MITCHILLI 1 1 
GOIUUSOMA SOSCI 1 l. l 1 1 U1 
CD 
Table 8. (continued) 
MAY 25 - MAY 26, 1'17o 
1 NT AI\E DISCHARGE 
STATION 
SPECIE:S TIME StH:f ACE: Mli.>WATEk ~U TTwt SU~FACE: HIOwATER BOTTOM 
LEFT i<lGHT LErT KIGHT LtfT K.IGHT LEFT RIGHT LEFT RlliHJ LEFT RIGHT 
100 
GOBIOSOMA SOSCl 1 l. 1 2 2 3 
SYNGNATHUS FUSCUS 1 
140 
BREVCORTIA T1RA~NUS 1 
G3tHUSOMA dOSC 1 1 2 1 2 
MENIDIA MENIOIA 1 
180 U1 \0 
GOtHOSOMA 60SC1 2 5 1 1 3 3 
HEMbKAS MARTlNICA 1 
MENlDIA MENIDIA 1 
HENIOIA SP. 1 
220 
ANCHOA MlTCHILLI 
ELOPS SAURUS 1 1 1 
GOtH csc:"A aosc 1 1 1b 1 1 5 3 12 3 4 1 5 
HENIOIA BERYLLINA 1 1 1 l 
HENIOlA MENllllA 5 l 1 1 1 1 1 
ME:NIDIA SP. 2 
Table 8. (continued) 
SPECIES 
STATION 
Tlf1E 
20 
ANCHOA MJTCHILLI 
BREVUORTIA TYKANNUS 
ELOPS SAUl{US 
GlH~ l USuMA tSiJSC I 
HENIUIA dE~YLLINA 
Mt:NllHA MENlUlA 
HE~IOIA SP. 
SYNGNATHUS FUSCUS 
GOSIOSOMA 80SCI 
SU~FACE 
lEfT klGHT 
1 
1 
1 1 
l 
INTAKE 
MIOWATt:R 
ll:t-T KIGHT 
; 
3 
1 1 
ttorro~ 
LEFT iUGHT 
1 
2 4 
1 2 
OIStHARGE 
SURFACE 
LEFT RIGHT 
1 
3 
1 
1 
l. 
1 
MIOWATER 
LEfT RIGHT 
1 
1 
z 
1 
1 
1 
1 
BOTTO" 
LEFT RIGHT 
1 
3 
1 
1 2 
0\ 
0 
Table 8. (continued) 
JUNf 3 - JUNE ... 1976 
lNf~i<E OISC.HARGE 
STATION 
SPECIES TIME SU .... FACt HIUiU.TER uOTTOH SURFACE MlOWATEK BOTTOM 
LEFT .... lGHT LEFT RIGHT LEFT ~lGHT LEFT t<.lGHf LEFT KIGHT lEFT RIGHT 
100 
G031050MA BOSCI 2 lj 7 4 5 1 5 ) 9 ~ 
MtNI~IA BERYLLI~A 1 
H t N 10 I A 1\\ EN 1 :.J 1 A 1 3 z 1 1 2 
MENIOIA S?. 2 
140 
GOBIOSUMA BOSCl 1 2 1 
MENIOIA MENI;Jl4 1 8 1 1 
0\ 
.... 
ldO 
AkCHfl.\ MlTCHILll 1 
GUBILJSOMA dOSCI 1 2 3 3 1 10 2 
MENIOIA dERYLLl~A 1 
220 
8RE'IUUR T1A TYI~ArmUS 1 
GOBIOSOHA SOSC.l l 1 2 1 2 3 
' 
2 2 
MENIOlA SEKYLLINA 1 5 l 2 l 2 1 1 
MEN lUI A M[IH OlA 1 5 1 1 1 1 
20 
ANCHOA MJTCHILLI 1 
CHAS~uOES tiOSQUlANU~ 1 
GOlH OSOMA Bfl SC 1 l 2 1 3 z 3 3 2 3 1 
M~NlDlA BERYLLINA 1 
MENIOlA ME~IDIA 1 1 
-----
&O 
GOIHOSOMA OOSCI 1 1 
Table 8. (continued) 
JUNE 28 - JUNE 29, 1976 
SPECIES 
STATION 
TIME 
100 
ANCHOA MJTCHILLI 
G0610~(.;MA BOSCI 
LEIOSTOMUS XANTHURUS 
HENIOIA ~ERYLLI~A 
HENJDIA MENIOIA 
litO 
AI~CHOA Ml TCHlLLl 
GOIHOSOMA SOSC I 
MEM~KAS HARTINICA 
MENIUIA ~ERYLLINA 
HtN I 01 A f·iEN I 01 A 
180 
ANCHOA MlTCHILLI 
OOKOSUMA CEPEDlANUH 
OOKOSOMA PETENENSE 
GOBI OSOHA 80SC I 
HENIOlA BERYLLINA 
MENIOIA MENIDIA 
220 
ANCHOA MITCHILLI 
ANGUILLA ROSTRATA 
GOdiOSOMA SOSCI 
LUCANIA PAKVA 
MEMBRAS MAKTlNlCA 
MENIOIA BERYLLINA 
SURFACE 
LEfT RIGHT 
2 
1 
2. 
9 
It 
1 
11 
1 
10 
1 
INTAKE 
MIOWATEK 
LH·T RIGHT 
.34 18 
1 
1 
ij 2 
1 
1 
s 10 
lll l50 
1 
6 11 
J6 41 
1 
BOTTOM 
LEfT RIGHT 
6 It 
l. l 
6b 8d 
11 l 
' 
J 6 
216 229 
8 7 
62 5l 
1 
SURFACE 
LEFT RIGHT 
2 
ltl 13 
1 
. 23 33 
2 
1" 
111 107 
1 It 
29 9 
1 
DISCHAitGE 
MlOWATER 
LE:FT RIGHT 
It 
62 lit 
41 63 
1 
1 
17ft 190 
1 1 
1 5 
20 50 
1 
BOTTOM 
LEFT RIGHT 
5 1 
67 42 
1 
2 
54 53 
5 5 
162 278 
4 1 
1 
60 54 
"' N 
Table 8. (continued) 
INTAKE: DISCHARGE 
STAT ION 
SPECIES Tl~E SUKFACE MIOWATER BOTTOM SUKFACE MlOWATER BOTTOM 
LEFT K lGHT LE.FT RIGHT Ll:FT KIGHT LEFT RIGHT LEFT RfGHT LEFT ~IGHT 
20 
A~CHOA HITCHILLI 1 1 2 It 11 It 6 6 
BREVuOkTIA TY~ANNUS 1 
ELOPS SAURUS 1 
GO:i I !l SOMA S!JSC I 2 2 18 14 42 40 39 48 5"0 39 $1 34 
ME M 0 i{ AS '-1 Ak. T I N I CA 2 1 
M£NIOIA BE~YLLINA 1 1 
MP.dOlA r\4cNllHA l 1 l 
SPECIMEN MANGLEO 2 
60 
ANCHOA HlTCHilll 2 1 5 13 14 14 4 2 2 8 0\ 
GOu IOSW~A oOS'J 'l 1 llt7 146 4u\l J57 5S 3'l lb 39 9o 127 w 
M(!'JlOl1\ MHllLJIA 1 1 
~CKUN~ SAXATILlS l 1 
Table 8. (continued) 
JULY 26 - JULY 27t 1976 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURFACE 1"110WATER 3lJTTtlM SURFACE MIOWATER BOTTOM 
LEfT ,,JGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
ANC~OA ~ITCHlLll 1 Ct J 15 11 45 55 
\iOBIOSCMA ~I.JSCI 1 32 17 27 30 4 2 2~ 42 125 108 
MEH~~AS ~A~TI~ICA 5 s • MENIDIA HERYLLINA l 5 
~ F: ~~ I 0 I A .·1 E :-.41 0 l A 1 l 1 
lllENliJIA SP. 5 
S~EtlMEN MANGL~O 1 
litO 
CJ'\ 
.e. ANCHOA MITCHILLI ·12 23 20 23 14 
GOBilJSOMA ll:JSC I 3 40 27 lt1 63 76 57 102 
MENIJJA dERYLLINA 1 1 1 
SYNGNATHUS FUSCUS 1 
180 
ANtHOA .MlTCHILll 4 2 1 13 4 21 11 13 
GOUIUSOHA ~OSCI 1 4 60 46 151 101 5d 33 82 119 144 
HEHH~AS HARTINICA It 1 2 
MENlDIA BERYLLINA 1 
MENIOIA HENIOIA 1 
220 
ANCHOA HITCH 1 LL I 12 1 5J 55 47 32 36 68 99 74 89 40 
FUNDULUS HETEROCLITU 1 
GOIHOSOMA i:sOSCI 17 6 127 128 109 129 49 109 193 114 309 101 
HYPSOBLcNNIUS HENTZI 1 1 
MtMdKAS HAKflNICA 5 1 3 8 1 5 l 7 7 4 4 
MENIOIA Hc~YLLINA 1 2 1 1 1 1 
MENIOIA 11ENIDIA 2 2 l 1 2 1 
ME"'IOIA SP. 1 1 1 
SYNGNATHUS FUSCUS 1 
TRINECTES 1"1ACULATUS 2 
SPECIMEN MANGLED 2 14 
Table 8. (continued) 
INTAKe OISCHA~GE 
STATION 
SPEt.I ES TlrotE: SURFAC[ MlD~ATER SOTftJM SURFACE MIOWATER 89TTOM 
LEFT ~lGHT LEFT RIGHT LEFT ~lGHT LEfT kl:iHT LEf-T RIGHT LEFT RIGHT 
20 
ANCH;JA HITCHlll.J 5 3 'H 93 59 54 87 34 56 19 61t 21 
GlJo !'.lSOMA 80SC I 24 /.4 198 i&d 2ll 4!.~ 1 13} 3CJ 151 87 191 139 
H'ft'SOJLEI'\i~IUS HENTZI 1 
MEHdaAS MA~TINICA 20 13 4 9 l~ 17 4 7 2 3 7 6 
KE~l01A 8ERYLL1N4 b 10 It l l. 3 2 It 1 
r1ENIDlA HENJ:JIA l 
TKINt:~TES ;4ACULATUS 1 
SPECIMEN MANGleD 1 1 
oo 
ANCHOA M lTCitllL I 21 20 28 50 4J 16 17 16 26 21 23 21 
GUu l'JSOMA oOSCJ 90 61 35 70 5tl 46 b8 Ito dZ 72 lltS ss 
HYPS~~LEN~llJS HENTll 1 
MEMBRA$ HA~TlNICA 3 5 1 3 J 2 2 2 z 1 0'\ 
MENIOIA oE~YLLl~A l 2 1 V1 
· MENIDIA SP. j l 
S~~ClHE~ MANGLE~ 3 
Table 8. (continued) 
AUGUST llt - AU \JU S T 2 5, 1'176 
INTAKE DISCHARGE 
STATION 
SPECIES TIMe SU~FACE MIUWATEf( UUT rt.Jf'oJ SURFACE HIO-.ATE~ 80TTOM 
LEFT RIGHT LEFl KIGHT LEFT KIGHT LEFT KIGHT LEFT iUGHr LEFT RIGHT 
10\l 
ANCHOA MITCHILLI 3 1 4 2 1 3 
GOi3IUSOMA dOSCI 1 3 1 3 2. 7 6 ·~ 8 
MEMtlkAS MAKTlNICA .J 1 1 1 1 
T~INECTES M4CULATUS 1 
14\J 
ANCHOA MJTCHILLI 2. 3 z 1 6 3 
G081050MA d'JSCJ 2 5 1 4 l 9 6 19 10 5 10 en HYPSrJHLENNIUS liENTZI 1 en 
1ti0 
ANCHOA MITCHILLI 1 1 8 6 12 9 
GOBlOSO~A dOSCI 5 1 7 7 20 14 23 9 
MEM~KAS MARTINICA 1 1 1 
SYMPHURUS PLAGIUSA 1 
l2ll 
ANCHOA MITCHllLI 1 3 5 6 1 2 5 7 6 6 14 5 
GOdiUSOMA dUSCI 6 2 10 8 2 3 13 7 22 16 36 25 
HEH~KAS MAKTINICA 1 I. 1 1 1 3 2 s 1 
HENlOIA BERYLLINA 1 1 
SYMPHUKUS PLAGIUSA 1 1 1 1 3 
SYNGNATHUS fUS~US 1 
TKIN~CTES MACULATUS 1 
20 
ANCHUA HITCHILLI 2 17 10 4 2 lit 8 9 9 10 lZ 
GUBIUSOMA tsOSCI 1 1 15 13 24 22 33 19 34 27 ~3 41 
HYPSOBLENNIUS HENTZI 1 
HEHBkAS MARTINlCA 1 1 1 1 2 1 It 
M(NlOIA dEKYLLINA 1 
SYNGNATifUS FUSCUS 1 1 
Table 8. (continued) 
SP£:CIES 
STATION 
TIME 
60 
ANCHOA MlTCt-tiLLI 
GOBI G~OHA thJSC 1 
ME~cl<.AS t-lAt<T INICA 
PEPKILUS PA~U 
SPt:C I ~EN M4NGLED 
S\JKFACE 
LEfT .tiGHT 
2 1 
2 3 
1 
1 
INTAKE 
HIOWATEJC. 
LI:FT RIGHT 
2 
8UTTO:-t 
LEFT RIGHT 
1 
£ 2 
l 1 
DISCHARGE 
SURFACE 
lEFT RIGHT 
4 4 
10 16 
MIOWATER 
LEt-T RIGHT 
1 
14 
z 
1 
BOTTOM 
LEFT RIGHT 
10 19 
36 23 
1 
1 
Table 8. (continued) 
SI:PTEM8ER 29 - ~EPTEH~ER lOt 1~76 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURfAl.E MIOwATER ~OTTOM SURFA'E MIO .. ATER BOTTOM 
LEFT iC.IGHT lEfT ~IGHT lf:FT KIGHT Lf:FT kiGHT LEFT RIGHT LEFT RIGHT 
100 
ANCHOA MITCHILLI 1 1 1 
GOdiOSOMA 30SCJ 1 
HYPSOULE~N1US HENTZI 1 
SYNGNATHUS FUSCUS 1 
140 
. SYf\4GNATHUS FUSCUS 1 
0\ 
1ao co 
ANCHOA HI TCiil LL I J 1 1 
HI CROt'liGON UNOULATUS 1 
SYII'!PttUkUS PLAt;lUSA 2 1 
SYNGNATHUS fUSCUS l 
l20 
ANCHOA HITCHILLI 3 1 1 2 3 1 
GOLH OSOHA dUSC I 1 
HEMbi~AS MAK T I Nl CA 1 1 
MICR~POGON UNOULATUS 1 2 1 9 10 
SY~PHURU~ PLAGIUSA . 1 z 1 
lO 
ANCHQA MITCHILLI 6 4 z 3 3 1 
GOtiiOSOMA BOSCI 1 2 
MJCROPOGUN UNOULATUS l 2 l 3 1 1 z 
SY"PHUkUS PLAGIUSA l .1 2 ~ 1 ) 
Table 8. (continued) 
INTAKE OlSC.,.ARGE 
STATION 
SPECIES TIME SUKF-ACE HIOWAH:K tiUTTO:ol SURFACE MIOWATER BOTTOM 
LEfT .-< IGHT LEt-T t(IGHT LEfT KIGtiT LEFT klGHT LEFT RIGHT LEFT RIGHT 
60 
ANCHOA MlTCHllLl & 5 1 l 1 3 3 
GOSJJSOMA SOSCJ 1 1 
ME~BRAS MA~TINICA 1 
MICK0POGJN U~OULATUS 2 ~ 1 1 1 
SY~PHU~US PLAGIUSA 1 . 1 2 2 
SYi\IG'~Il THv~ t=uS(..US 1 1 
Table 8. (continued) 
OCTOBER 20 - OCTOBER llt 1976 
INTAKE 
SPECIES 
At~CfWA 
STATION 
T 1:~E 
100 
M ITCHILLI 
140 
ANCHUA HIJCHILLl 
MlCROPOGGN U~OULATUS 
SYMPHURUS PL4GIUSA 
1SO 
ANCHOA MITCHILLI 
MICkuPOGUN UNOULATUS 
220 
ANC~OA MITCHILLI 
MICROPQGON UNOULATUS 
20 
ANCHOA MITCHILLI 
GOGIUSOMA BOSCI 
MICkUPUGUN UNDULATUS 
SYNGNATHUS FUSCUS 
bO 
ANC.HOA MITCHILLl 
SURFACE 
LEFT klGHT 
fHCriATER 
LEfT RIGHT 
1 
1 
5 
1 
tiOTTUM 
LEFT KIGHT 
3 l 
l. 1 
5 6 
2 
1 2 
1 
J 2 
SURFACE 
LEFT KIGHT 
1 
1 
1 
DISCHARGE 
hlOWATER 
LEFT itlGHT 
1 
1 
1 
It 
1 
2" 
1 
1 
BOTTO .. 
LEFT RIGHT 
1 
1 
1 
...... 
0 
1 
1 
1 
1 1 
Table 8. (continued) 
NOVEM6Ek 4 - NuVEMBER 5, 1976 
lNT AKE OISC.HARGE 
STAT 101\1 
SPECIES 'TI~E SlJkFAC. E MlOWATER SOT TuM SURFACE MIOWATER BOTTOM 
LEFT ;.JGHT LEFT KIGHT LEFT RIGHT LEFT klG .. T LEfT RIGHT LEFT RIGHT 
100 
MlC.ROPlJGON UNDULATUS 1 
140 
1oO 
ANC.HOA M 1 TCti ILl I 1 
-..J MIC.ROPCGON UNOULATUS '- 1 2 6 2 1 ..... 
220 
ANC.HOA MITCHILLI 1 
MIC~OPUGON .UNOULATUS 2 3 5 1 2 
lO 
AN!.HllA MIT C!i 1 Ll I 1 
GOBlOS0"1A BOSCI 1 
MIC.ROPOGON vNOULATUS 1 1 1 1 2 3 2 1 
60 
M ICRtJP(JGQN Ui~l>\Jl.ATUS l 4 2 1 1 2 
Table 8. (continued) 
DECEMBER 2 - OECEMSER 3• 1~76 
SPECIES 
MJCROPOGO~ 
MICRCPUGON 
STATION 
TIHE 
100 
UNOULATUS 
140 
UNOULATUS 
180 
ANCHOA MITCHILLI 
MICRUPUGON UNOULATUS 
220 
ANCHOA MJTCHILLI 
HICROPOGON UNOULATUS 
zo 
ANCHOA MITCHlLLI 
MENIOIA OERYLLINA 
MICk~POGON UNUULATUS 
PARALICHTHYS OE~TATU 
60 
MENIUIA UERYLLINA 
MENIOIA j14fNIIJIA 
MICRlJPUGON UNDULATUS 
SU~FACE 
LEFT RIGHT 
1. 
1 2 
5 1 
1 2 
INTAKE 
MIDwATER 
LEFT RIGHT 
1 
1 
lCJ 15 
1 
5 2 
2 2 
BOTTOM 
LEFT tUGHJ 
1 
l. 
6 3 
1 1 
It 1 
1 
2 
SUkFACE 
LEFT RIGHT 
1 
It 
14 10 
It 2 
1 
l 
DIStHAR~E . 
MJOwATER 
LEFT RIGHT 
2 
l 
8 
3 
1 
3 
1 
17 19 
z 
1 
2 s 
BOTTON 
LEFT RIGHT 
1 
1 
2 
8 
3 
1 
1 
2 
1 
........ 
"' 8 
, 
Table 9. Species and calculated number of fish per 100m3 captured during 24-hour stations at VEPCO Surry Nuclear 
Power Station in 1976. 
FEURUARV lZ - FE6KUARY 13, 1976 
INTAKE DISCHARGE 
ST4TIO~ 
SPECIES TIME SUKfACE F410WATEK. i3:JTTOM SURFACE MlOWATER BOTTOM 
lEfT l'.lGHT LEFT KIGHT lEfT KIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
A~CHOA MlTCHilll 2 2 8 
8RI:V0 1JKTIA TYRA!\INUS 3 
MIC~OPUGON UNUULATUS 11 
140 
AlOSA AESTlVALIS ll 2 4 10 3 
ANCH!lA MlTCiilll.l 1 
rlR(V00KTIA TYKANNUS )6 d 4 
MiNlUIA SEKYLLINA 5 ...... 
141 l CKUtl{j{;UN U~OULA HJS 2 1 3 3 w 
1 JO 
ALUSA AESTIVALIS b 3 7 7 
A~:CHOA ~1TCt11LLI 7 
ANGUILLA RU~T~ATA 10 b 6 3 7 7 
B~EVU0kl1A TY~ANNUS b 3 s 
~ICK8PuGGN UN~VLATUS 6 6 3 7 lit 
llO 
AUJ~J\ AfSfiVALtS 
'• i l l AL 0:>" P ScUD JtiA:u:~GUS J 
A~~<..tHJA M I rCH I Lll 10 
AN~UflLA ~U!>JKATA 22 8 4 6 
3~ £;: V~HJ!-~ Tl A T YltA~NUS 4j 4 4 
MIC~OPUGUN UN~~LATUS 4 1 3 4 3 
NOTKUPIS UlJOSONllJS A ) 
Table 9. (continued) 
INTAKE DIS~UARGE 
STATION 
SPECIES TIMt: SURFACE MlOiiATER SOTTJ,. SURfACE MIDWATER BOTTOM 
LEFT klGHT LtrT RIGHT LEfT ~IGHT lEfT tUGHT LEfT Rl GtiT lEFT RIGHT 
20 
ALOSA AESTIVALIS 4 4 2 6 l l 
ANCHOA MITCHILLI 2 
ANGUILLA ROSTRATA 4 (J 
8iU:Vt;ORTJA TY~hNNUS '7 10 5 
HENIOIA BERYLLlNA 9 4 
MICR•Jt>(;G[J~ UNOULATUS 9 10 11 l 1 l 
MORC''-!E h •t E:~ 1 C h'IA 2 
6v 
ANCHuA MITCHILLI 5 
A~GUlLLA ~OSTRAlA 7 3 
6KEVOORTJh TYKA~NUS 6 
MICROPOGU~ UNOULATUS 18 17 16 l 1 6 
...,J 
~ 
Table 9. (continued) 
MARCH 2 - MARCH 3, 1976 
INTAKE OISCHAitGE 
~TATI:JN 
SPECIES TI11E SU!{FACE MIOWATER BGTT:Jf4 SURFACE MIO~ATER BOTTOM 
LEFT ~IGHT Ll::fT ~lGHT LEt=T RIGHT LEFT RIGHT LEfT klGHT LEFT RIGHT 
100 
AlOSA AESTlVALIS 6 3 
A~CH•JA MITCiHLLl 31 33 7 10 6 19 so 3S 
t3!{Ev;;ukTlA TYKANNUS 4 
~ENIDIA 3ER~LL1WA 5 
~1CMUPCG0N U~~ULATUS 4 1 
SPECIMEN MANGLE~ l 3 
l'tu 
ANCHOA MITCHJLLI 61 33 3 l 9 6 49 19 ....... U1 
BREVCURTIA TYRAN~US 3 
180 
ALOSA AESTIVALIS 2 2 11 11 6 3 
ANCH!JA MITCHILLI 2l 11 33 29 6 24 12 1~ ~5 
ANGUltlA RO~TKATA 2 3 
t3~EVOOKllA TYRANNUS 2 
MlCH.:JPU'GlJ~ UNUULATUS 14 .$2 lt, lit 16 6 12 3~ 10 21 
220 
ALOSA AESTIVALIS 10 28 3 3 7 
ANCHQA MITCHILLI 27 68 b8 9 )8 10 14 44 20 78 11~ 
ANGUILLA kO~TRATA 4 10 1 
LEIOSTO~~S XANTHURUS 4 
MENIUIA BERYLLINA 3 
MICRtWOGUN UNtlULATUS 11 1~ 12 28 it7 7 1 lit 3 16 
20 
ALOSA PSEUOOHA~ENGUS l 
ANC.tiUA MlTCHILLI 2d 19 54 it2 9 27 33 29 2~ 
ANGUILLA ROSTR4TA 7 3 3 
MlCRU~CGUN UNOULATUS 14 16 3 14 6 l 21 15 11 1 
Table 9. (continued) 
STATION 
SPECIES TI~E 
60 
ALOSA AESTIVALIS 
A~CHOA MITCHILLI 
ANGUILLA ~OSTKATA 
,.il CKfl:'llGO'~ urmuLA TUS 
SURfACE 
LEFT klGHT 
INTAKE 
~II OWATE h. 
LEFT P.IGHT 
22 40 
74 19 
·bOTTOM 
LEFT RIGHT 
4d 
13 
DISCHARGE 
SURFACE 
LEFT RIGHT 
6 
l 
3 
6 
MIOWATER 
LEFT RIGHT 
3 
61 36 
3 
17 15 
BOTTOM 
LEFT RIGHT 
65 45 
3 7 
Table 9. (continued) 
MARCH 16 - MAkCH 17, 1976 
INrAKE OJStHAKGE 
STATIO~ 
SPECIES TIME SUi\FAC. i: MlDWATEk BOTTOM SUR FAtE MIOwATER BOTTOM 
LEfT KICJHT LEFT RIGHT LEFT RIGHT LEFT RIGHT lEFT RIGHT lEFT RIGHT 
100 
A~tHfJA HITCH [ ll I 5 
BKcVOOKTIA TYRANNUS "6 13 5 5 
LEIDSTOMUS XANTHURUS 5 
MICROPOGUN UNOULAlUS 6 4 
140 
ANCHn!\ MlTCHILLI 3 4 ~ 
Ol{(Vr.cuu IA T YRAi .. NUS' 19 6 lCJ 19 6 11 It 
HICKO~OGON UNOULATUS 6 3 ...J 
...J 
180 
ANCHUA HITCHlLlf 4 It lit 
BREV\.lllRT lA TYKANNUS 19 26 It 23 
LEiu~TOKUS X~NTHUkUS 19 
MlC.KOPOGO~ UNDULATUS It It 11 80 
2ZO 
ANtHOA HITCHILLI 9 16 
8RtVOORTIA TYRANNUS 6 18 16 
LElOSTOMUS XA~TrlU~US 18 
MICKC~OGON UNJULATUS 53 1d 16 16 
LO 
ANCHOA MITtHILll 24 43 15 3 23 3 
ANGUILLA ROSTRATA 3 
8KEVOORTIA TY~A~NUS 24 12 81 261 3 J 3 
LEIOSTC~US XA~THUkUS ltl 3 
M I Ctli)?UGO~ U~O;Jt. AT \JS ll 12 3 1 1 
Table 9. (continued) 
SPECIE:S 
S TA Tl ON 
T lf-1E 
bO 
ANCHOA MlTCHILLI 
ANGUILLA ~UST~ATA 
BtU: VUOK T I A T Y;tA~~:\:lJS 
LclOSrOMUS XANTHvRUS 
ME~IOIA 6cRYLLINA 
SU~FACt 
lE:fT J(IGHT 
3 
.1 
23 12 
J 
INTAKE 
MIO._ATER 
LEFT KIGHT 
10 13 
.1 10 
6 b 
DISCHARGE 
~GTTOM SURFACE MIONATEA BOTTOM 
LEFT RUiHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
22 33 l 6 9 1 1 
11 33 3 3 6 12 1 
11 3 3 
Table 9. (continued) 
APRIL b - APRIL 7, 1976 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURFAC:E M lOW AT t:R SOT TOM SUKFACE MIOwATER BOTTOM 
t.EFT RIGHT lEFT KIGHT LEFT KIGHT lEfT RIGHT lEFT RIGHT. LEFT RIGHT 
100 
ALOSA ~S~UOOHARENGUS 2 
Al'llCHOA Ml TCHt LL I 3 
B~EVO~KTIA TYRANNUS 1 l 2 3 13 17 
LEIOST~MUS XANlH~US 2 
MOKONE AHERJCA~A 2 "5 17 15 3 
HORONE SAAATILIS 12. 21 8 12 12 6 
140 
ANCHIJA MITCtHLLI 4 -...J \0 13Rl:VUORT1A TYI{ANNUS 11 10 3 11 27 11 
lEJOSTOMUS XANTHUKUS 4 
~ICRIJPUGON UNOULATUS 13 8 
180 
ANCHOA HITCHILLI 2 6 6 7 4 
BREVO~RTIA TY~ANNUS 21 17 25 lb It 15 
LEIOSfOMUS XANTHURUS 2 
MICKUPOGDN UNOUlATUS z J. 
2l0 
ANCHOA HITCHILLI 7 3 6 ~ • ANGUILLA ROSTRATA 3 3 ~ 
6REVUURTIA TYRANNUS 2 51 46 3 24 27 JO 26 
LEIOSTO~US XANTHURUS 2 lit 10 6 6 11 l 
MICROPOGON UNUULATUS 4 2 1 21 9 7 4 
MURONE A~~RICA~A 9 
HURONE ~AXATILIS 2 
Table 9. (continued) 
INTAKE DISCHARGE 
STATION 
SP EC.IES TI~E SUkfACE 141L1WATEK SOJTOM SURFACE MIOWATER BOTTON 
lEFT "IGHT LEFT RIGHT LEFT KIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
zo 
ANC.H:JA MITCHILLI 3 l 13 ANGUILLA ROSTRATA 3 4 
B~EVCORTIA TY~A~~US z 31J a l ltl Zit 22 17 
LE lOS TCMUS XANTHUkUS 2 2 16 6 10 .17 
MIC.RIU'OGUN UNOULATUS ts 2) 3 27 21 17 4 
60 
ANCHUA MITCHILlt 3 
A~uulllA RU)T~ATA 5 
BREVUURTIA TYRANNUS .. It It 2 1 4 
LEIOSTOM~S XA~THUKUS 4 
HltRGPUGON UNOULATUS 7 4 .. 3 z 4 • (X) HOKUNE 5AXATILIS 4 0 
Table 9. (continued) 
AP~Il 14 - AP~IL 15, 1976 
INTAKE DIS~HARGE 
STATION 
SPECIES T IHE SURfACE MIDwATER &DTTOM SUttFAC£ HI OWAJER 80TTOM 
LEFT RIGHT lEFT RIGHT LEFT klGt1T LEFT RIGHT LEFT KIGHt LEFT RIGHT 
1~0 
A~GUILLA ROSTRATA 3 
BREVOORTIA TYRANNUS 3 2 
LtlOSTCMUS XANTHURUS J 
MENIOIA BERYLliNA 3 
140 
BREVUORTIA TYRANNUS l 3 3 
MJCROPOGON UN~ULATUS l. 
(X) 
....., 
180 
ALOSA AESTtVALlS 3 
ANCHOA MlTCrllLLI 
·l ) 3 
BREVOORTIA TVKANNUS j 3 ) 6 1 
220 
-ANCtiJA HITCHllll 7 7 
UR~V!'lU~TIA -TYKANNUS 11 
LEIUSTO~US XANTHURUS 
MICROPOGON UNOULATUS 4 22 6 7 
20 
ANCHOA MITCHilll 3 
ANGUILLA ROSTRATA 3 
BREVOORTIA TYRANNUS 3 l 2 2 3 2 6 
LEIOSTOMUS XANTHURUS 2 
MICKOPOGON UNOULATUS 2 5 3 3 2 ) 
60 
ANCHOA MITCHIL~I ) 
BREVOORTIA TYRANNUS 6 6 7 
MIC~OPOGON UNOULATUS 3 
SPECIMFN HA~GL~O 
Table 9. (continued) 
JANUA~Y 14 - JANUA;~ Y l~, 197b 
INTAKE DIS,HARGE 
STI\ Tl JN 
SPECIES TIME SURfACE MIUwATEf{ JOT TO~ SURFACE Mlt>.,ATER BOTTOM 
LEFT ~<.I ;;HT LEfT ~IGHT LEFT t{(uHT LEFT KIGHT LEfT RIGHT LEFT RIGHT 
1 O·J 
ALOS" A~STIVALIS 3 
r~ ~ CkU.,CGr)N U ~~ I) iJ L A T US 4 
140 
ALO~~ AESTlVALlS 10 b 
MICKU~UGUN UNUULAT~S 6 9 
CX) 
ldO N 
ALQSA AES TI V~\LI S 9 
ANGUI!..LA · .. ;,~ L-{1\ r A lJ ~ 6 6 3 
HEiHUIA iJE"'.YLLINA 3 
Ml~RU.,OGUN UNOULATUS 9 3 
llO 
ALOSA AESTIVAL!S 6 3 3 
~NGVlLLA 1{0SfRATA () 
~lENI!JI" HE~Ylli.'4A 4 
HICkOPOGON UNUULATUS a 6 3 
20 
/ .. LCSA A F.S r 1 V /,L IS lJ 10 6 l 4 
ALUSA PSEUt)OtfARENGUS 6 
ANGUILLA kOSTkAfA j 3 3 4 
M~NIUIA ~E~VLLI~A u 6 
~lCKL.,CGUN UNOULAJUS 6 6 3 5 3 4 4 
60 
ALOSA AESTIVALlS 45 
ANGUILLA ~U)JI{ATA J 
~ICROPOGON UNDULATUS 5 3 
Table 9. (continued) 
APRIL 1~ - APR!L Zu, l'il6 
INTAKF. OJ StHARGc 
STATION 
SPECIES TIME SU.tfACE MlD,.ATER BOTTOr4 SURfACE MIOWATfR BOTTOM 
LefT ttiGHT LEFT RIGHT Lt:fT 1\luHT LEf-T itlGtiT lEfT RIGHT LEFT RIGHT 
10\l 
B~EVOUkTIA TYRANNUS 10 l l 
MORONE SAXATiltS 2 
lltO 
lUO 
ANCHtlA MITC.HILLJ 3 
SRi: VOllR T I A T Y~AN~'U S 4 3 6 3 CD ~ICR~POGON USOULATUS 13 w 
.22\l 
ANCHJA foi UCH Ill I 6 11 
BREVOORTIA TYRA~NUS 6 8 3 3 It 
ICTALU~US PUNCTATUS 9 3 
LE10STW1\JS J(Aj-.JihJKUS 2. 3 6 3 
MENIOIA MEN!UiA 6 
MICkOt'fH.iON UNUULAlUS 2 3 3 
MORONI: SAX.\ l IllS l 
zo 
ANCHOA MlTCHlLLt 3 
ANGUillA ROST~ATA , 3 
BREVOU~JIA TYRA~NUS 6 3 
lEIOSTOHUS XA~THURUS 2 
fi41Ck0POG:JN UNDULATUS 5 5 2 9 
SPECIMEN MANGLED 3 
c:ao 
ANCHOA MITCHILLI 3 
BREVOURTIA TYRANNUS 16 z 7 6 
Table 9. (continued) 
A?RIL 2U - AP~ll 29, l'J76 
INTAKE DISCHARGE 
STATION 
SPECIES T_l ~E SUkFAt E MlO~;ATEK &jJTu"' S~RFACE MIO .. ATE~ BOTTOM 
Lf:fT klGHT LEfT ~IC:HT LEFT M.IG~T LEFT KIGHT LEf-T KIGHT LEFT RIGHT 
100 
ANCHOA MITCHILLI 6 
6KEVOUKT14 TY~AN~US 4 7 6 
GUt3ICSOMA BUSCI 7 
lEI ~JS TO~iUS X.~NTHURUS 12 6 MEN 101 A .. '1PHIJI A 6 
140 
3KEVUUI~TIA TYRANNUS 6 3 (X) GOBIOSll~A ,JQSCI l. ~ 
180 
ANCHOA MlTCHlLLI , 
6~ EV•Jr::~ T I A TYKANNUS 6 10 
00f1GSU~A CE?( Ul ANv:e\ 3 
\iObi•ISUMA dO;)C 1 3 
220 
8Rf:VfJOiU I A TYKAti:NUS 13 15 15 LEIOSrUMUS XANTHURU~ 
HI C~!JPOGON U~L>ULATU~ 0 
20 
ANCH!JA MITCHILLI 3 2 27 
B~lVCOhTIA TYRANNUS 3l 14 13 27 23 L~IOSTO~US AANTHURUS 3 14 
MENIOIA 6E~YLLINA 20 7 2 ll 
HtiHOIA t·1ENI;)JA 20 10 7 .J 
MIC~O~OGUN UNOULATUS 2 14 8 
Table 9. (continued) 
SPECIES 
STATION 
TIME 
60 
ANCHOA MITCHILLI 
8kEV0:1R T lA TYRVJNUS 
GOB I OS!lt-~A UOSC I 
l€10ST~MUS XANTrlU~US 
MENIOIA ~ERYLLI~A 
SURFACE 
lEFT I<IGHT 
INTAKE 
M 10"-A T EK 
lEFT RIGHT 
3 
OuT TOM 
LEFT RIGHT 
DISCHARGE 
SUkFACE 
LEFT KIGHT 
6 
MIOWATER 
lEFT RIGHT 
6 
b 
BOTTOM 
LEFT RIGHT 
63 
63 
63 
125 
63 
co 
U1 
Table 9. (continued) 
MAY 5 - MAY 6• 1Ci76 
J NTAKE DISCHARGE 
STATION 
SPECIES rtru: SUkfACE MIUkATf:R UOTTOH SURFACE MIOWAJER BOTTON 
LEFT KIGHT lEfT KIGHT LEFT KltiHT lEfT RIG ItT LtfT It I GH.T lEFT RIGHT 
10() 
ANCHOA HITCHILLI 3 3 
ANGUILLA ROSTRATA l 
d~tVU0KTIA TYKANNUS 5 l 6 6 
LEIOST0'1US XANTtfURUS 3 
MICkOPOGON UNDULATUS 3 
l'tO 
ANCHOA MITCHILLI 3 
6REVOU~TI~ TYKAN~US 10 3 3 co 
1. E I US T!J:·1US XANHIU~~US 3 (7\ 
MENIOIA dERYLLINA 28 
Ml:i"-4I!l!A MENIOIA 14 
1ti0 
ANCHOA MITCHILLI 3 3 
BREVOORTIA TYRANNUS 3 l 
GU8JUSCMA ~OSCl 3 
HE:NilliA MENIOIA 6 
220 
ANCHOA MITCHILLI 2 12 3 l 23 3 17 
ANGUILLA ~OSTRATA 2 3 
BKEVUORTIA TYKANNUS 2 5 3 58 11 39 16 23 21 
ELOPS SAURUS 3 
LEIOSTOMUS XANTHURUS 2 2 2 3 J J 
HICROPOGON UNOULATUS 3 
Table 9. (continued) 
SPECIES 
STilT ION 
TIME 
20 
ANCt-tOA MITCHILLI 
B~(VOORTIA TY~A~NUS 
DOKOSO:-tA PCTt~ENSl: 
fLOP~ SA\JIWS 
GQtstllSO~A !JOSCI 
MICROPOGilN UNOLILATUS 
~O~UNE SAXATILIS 
60 
DOROSOMA PcTENE~SE 
MENIOIA BERVLliNA · 
SURFACE 
LEFT RIGHT 
11 
INTAK.t: 
MlOWATEK t3;.JTTcr.4 
LEfT tUGHT LEFT RIGHT 
10 7 
3 
J 
DISCHARGE 
SURFACE MIOWATER 
LEFT kiGHT LE:FT Rl GHT 
3 9 
3 
6 
3 
9 
6 
tSOTTOM 
LEFT RIGHT 
3 1~ 
3 
3. 
3 
Table 9. (continued) 
MAY 11 - MAY 1~, l97b 
SPECIES 
STATION 
TlHF. 
100 
GOSIOSOI4A ~OSCI 
MEMI:HUS MARTPHCA 
Mcf\:IIJIA UERVLllNA 
MtNJOIA ME'H 01 A 
l'tO 
ANCHOA M 1TCIHLL1 
ME:NIOII\ 1-~ENIOIA 
ldO 
A~CHOA HlTC~ILLl 
UKtVIJlJKTIA TYKA~NUS 
GOtiiUSO~A !:iUSCI 
LElUSfU~US XANTHURUS 
m:t·d l) II\ MttH 0 I A 
MIC~OPOGON U~UULATUS 
220 
1\'\ICHOA MITCffiLLI 
ANGUILLA MOSTRATA 
~REVOOkTIA TYRANNUS 
ELOPS SAU~US 
Gl)" I iJStJMA BO~C I 
HENIOIA 8ERYLLINA 
Mf:NtOIA t4E:.~IOIA 
zo. 
BREVtJORTIA TYRANNUS 
MENIDIA BERYLLINA 
MENIOII\ MENIDIA 
HICkuPUGON UNOULATUS 
SuRFACE 
LEFT klGHT 
47 
94 23 
/66 47 
59 
11~ 400 
9 
9 
9 
INTAKE 
MlOWATEK 
LEF f klGHT 
4 
4 
3J 17 
9 6 
6 
4 6 
Jlt 
31t 17 
::sUTTO~ SUttfACE 
LEFT tUGHT LEFT RIGHT 
12 .19 4 
3 ~ 
8 
4 4 
8 
~ 
d 16 
8 
7 It 
~ 
DISCHAIUiE 
MIOWATER 
LEFT RIGHT 
11 
~ 
11 
1 
1 
4 
4 
10 24 
7 
BOTTO" 
LEFT RIGHT 
3 
Cl) 
Cl) 
~ 
4 3 
It 3 
3 
It 
7 
7 
11 
Table 9. (continued) 
SPfClES 
STATION 
TIME 
60 
GOblOSCHA iiOSCl 
MENIDIA UERYlllNA 
Jo\ENIDIA HENI!>lA 
MlCf-i.UPuGON UNJdlATUS 
SURFAt.E 
LEFT RIGHT 
4 
4 
4 
4 
UHAKE 
MIO~:ATER 
LEfT RIGHT 
4 3 
SOT TUM 
LEFl RIGHT 
DISCHARGE 
SURFAC'E 
lEFT RIGHT 
HlOWATf:lt 
LEFT RIGHT 
8 
BOTTOM 
·LEI=T RIGHT 
Table 9. (continued) 
~AY 17 - MAY lo• 1976 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURfACE: MIOWATER dUTTOM SUitFACE HIDWATER BOTTOM 
LEFT KIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEfT RIGHT LEFT RIGHT 
100 
GOBHlSOMA SCSCI 5 
140 
ANCHOA MITCHILLI 10 s 
GUtH OSOMA BOSC I . 20 7 11 
ME:~ ~"AS r~ARTINICA 31 
MENIOIA HEN lOlA 20 7 
MENIDIA SP. 5 
\D 
180 0 
AN(.H~lf\ ~11TC.HILLI 3 
BkEVOURTIA TYRANNUS 7 3 7 3 3 
GUUIOSCMA dOSC..I 7 
ME~dKAS MAkTINICA 12 
McNiuiA ijE~YLLI~A l 
HENltHA .ME•'HDIA 3 3 1 
zzo 
ANCHOA MlTCHILLI 3 3 
ANGUILLA KOSTRATA 13 4t 
BREVOOkTIA TYKANNUS 4 20 11 11 1 3 
GO!HOSOMA 80SCI 4 3 
HENIOIA HENIOIA 4 
Table 9. (continued) 
SPECIES 
STATION 
TIME 
20 
ANCHtlA H ITl:H llll 
ANGUILLA kO~JkATA 
SR~VOuHTlA TY~A~NUS 
GOBhJSlJMA ijQSC.I 
LEIUSTU~VS XANTHUkUS 
HE~IOIA ~EaYLLINA 
MENIOlA >4El';UHA 
HttKOVUGON ~UlATUS 
bU 
ANCLIQA MITCH ILL I 
GUUIU~0:-1A tlUSC.I 
SU;(f AC. E 
LEFT k lGHT 
16 
22 
49 
11 
INTAKE 
MIOIMATER 
LEFT RIGHT 
11 
ll 
22 
1, 
3 
J 
110TTOI'4 
LEFT RIGHT 
19 
9 
19 
1 1 
DISCHARGE 
SURFACE 
LEFT RIGHT 
1 
7. 
MIOWATER 
LEFT RIGHT 
4 
8 
It 
4 
8 
J 
BOTTOM 
LEFT RIGHT 
~ 
t\ 
~ It 
It 
Table 9. (continued) 
MAY 25 - ~AY 26• 197~ 
INTAKE 01 SCHARGE 
STATION 
SPECIES TI1'4E SURFAt:E MIOWATER ~OTTOH SUK.fACE MIDWATER BOTTOM 
LtfT :{(GHT LE~T KIGHT LEFT Rl~HT LE:FT .C.IGHT LEFT JtiGHT LEFT RIGHT 
100 
GOBIOSC~1A BOSCI 4 9 8 8 12 
SYNGNATHU~ FUSCUS 4 
litO 
Bf<EVOC;{TIA TYR.ANNUS ,. 
GlllilOSOMA tiOSCI 7 It 7 \D 
MENIOIA MI:NJOIA 9 N 
ldJ 
G06fUSOMA BOSCI 'l 25 29 6 12 ll 
MEHSKAS MARTlNlCA 5 
HENIOIA HENIDIA It 
HE:NIOIA SP. 4 
220 
ANCHOA MITCHILLI ij 
ELOPS SAURUS ,. It It 
GOBIOSOMA 80SCI 9 121 51 9 JO 12 lt7 12 15 It 19 
MENIOIA ~EKYLLINA 8 9 d 7 
HlNIOIA MENIOIA 42 9 It It It lt It 
HENIUIA SP. 15 
Table 9. (continued) 
lf\4TAKE DISCHARGE 
STATION 
SPECIES Tl~E SUKFAC E MIOWATER .ilOTTOH SUitFACI: MIOWATER BOTTON 
LEFT ~lGtiT LEFT RIGHT lEfT ttlGHT LEFT RIGHT lEfT RIGHT LEFT RIGHT 
20 
ANCHOA MITCHILLI It 3 
SiU:VCt.)kJ lA T Y~Ai~NUS 6 4 
fLOPS SAlfr\LJS b ~ 4 7 4 It 
Gu~IOS(J~A BUSCI 1 6 lit 28 11 ld 11 1 3 11 
~E~lDIA ~E~YLLI~A 5 'J It 
HENIOIA Jlol-Ep,jlOIA 1~ 2t 4 4 
~fNlOlA SP. -It 
~YNuNATHUS FU5CUS 3 
bO 
(;UtHtlSO~A 6tlSCf 8 lS 11 3 1 \D 
w 
Table 9. (continued) 
JUN: 3 - JUNE 4, 1976 
1 NTAKE OISCHAKGE STATION 
SPECIES T lf-tE SUKFACI:: MIO~ATER ~OTTUM SURFACE HIOWATER BOTTO,. 
lEFl KIGHT LEFT kiGHT Lt~r KIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
G~C\IlJSOMA ~USC I 7 47 31 27 50 4 19 11 26 12 
MENIOlA BERYLLl~A 5 
MENliJIA MENlDIA lb 15 b 7 4 6 MENilliA SP. 10 
149 
GOBlOSO:-tA BUSCl 9 8 
MENlO lA HENilllA 47 9 
\D 
~ 
ltlO 
A~CHJA ~ITCHILLI 4 
GO~IOSOMA BOSCI 5 11 11 11 39 1 
MENIDIA dERYLLINA 5 
220 
SktVUUkTIA TYKANNUS 4 
GUOIOSOMA UO~Cl 4 3· 8 4 8 11 21 8 1 
MENIOIA ~I::KYLLlNA j 17 7 8 4 7 4 4 
MI::NliJIA MENltHA j 17 4 4 4 4. 
20 
ANCt-IOA MITCH l LL I 5 
CHASMOOES dO~i.IUIANUS 5 
GuoiOSOM.\ BOSCI 20 10 3 10 10 15 18 9 12 MENlUlA SEKYLLlNA 5 
MENlUIA ~ENIDIA ~ 
··---· 61) 
GOBIOSO..,A ~CSCI .J 
- ----·--·. ·-·-------
Table 9. (continued) 
JUNE 2U - JUNE 2.9, 1976 
I~TAKE DISCHARGE 
STATI'JN 
SPEClES · TIME S:JKFACE fUD,:ATER ijQTTO~ SUI(fACE MIOWATER BOTTOM 
LEfT RIGHT LEFT Ill GHT LffT itlGHT lEFT H.lGHT lf:fT klGHT LEFT RIGHT 
lvJ 
A~CHOA ~lTCHlLLI "tOO 6 u. 17 4 
GOtH!JSOMA JO SCI ZuO 30~i 1000 l.l2. 13~ 12a 41 111 100 ll3 141 
LE f OS TL"lo\US XAt-..THURU5 ~1 
MEN101A SERYlllNA 200 3 
~HU:>IA ME!\!lt>tA ldJO .. 
141J 
.A~CHOA 1H T GH t Lll 12 1, 16 
' 
\D 
GUll l U Sc..;t-:4 oU!)'-1: I Jolt 'ld 26 52.3 473 67 99 lZO 186 157 -l-65 U1 
Mt~~~AS ~A~Tl~IC4 ll 
MENIJ1A b(~YlLINA ll ~5 11 
HtN!OlA MENlOlA 15 
1t:h) 
ANCHtJA MlTCttflll 17 2J 46 15 30 6 1 15 16 
O~US'JMA ~E: i'E ~I Ar-UM 3• 
OO~OSUMA PETCNEN~E J 
(;11~ lOS liMA tHl:iC I 794 1147 hHSS 11~1 353 343 512 SIHI 498 900 
M[NlOlA Ut~YLLINA l5'J 
HENlUlA ~f;HOIA 17 5 3 3 
l.l. 'J 
ANCH!)A HllCHJU.I 111 407 2tJ6 156 3 13 3 16 12 3 
ANGUILLA KO~TKATA J 
GOSJOSO~A Bf.l:iCJ lSZ .!33 1029 1519 2214 1178 97 30 64 161 112 169 
lUC.ANlA PA;~VA ll 
Mt~UkAS MAKTINICA J 
HENIUIA SERYLL1~A 37 36 3 
Table 9. (continued) 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SU!(fA(. E MJDwATER tSUTTOM SURFACE MIOWATER BOTTOM 
LEfT ~lGHT LEFT RIGHT LE:FT KIGHT ltFT KIGHT LEFT !tiGHT lEFT RIGHT 
20 
ANCHOA ~t l TCH ILL I 8 14 7 13 33 12 17 18 
BR~VUOkTJA TYRA~NUS 3 
ELUt-'·S SAU:o.\JS 3 
GOH I i.JSU,.1A 130SC 1 118 167 643 700 j)j ~63 127 161 14tt 114 147 104 
,..,t:~iiJi~AS r-1A•U lNICA 28 3 
MENlDlA UE~YLLINA 3 3 
MEN l.J 1 A ~ HH I >I A d 14 l 
SPfCIMtN MANGLED 167 
60 
ANCHnA MITCHILLI 4l.J 25 ltt 75 46 41 13 6 6 24 \D 
GlJjjJUSU!-1A aOSCI l20 2~ 83~ 844 L5ld 105b 178 126 74 lll 284 379 0'\ 
HENIOIA ~ENIUIA 25 3 
MO"ONt: Sl\XATILIS 6 3 
Table 9. (continued) 
JULY 26 - JULY 27, 1~7b 
IN-TAKE DlSC"ARGE 
STATION 
SPECIES · T l f4E SUKFACf tUOwATER BOTTOM SURF AtE MID.-ATEA &OTT OM 
LEFT KIGHT LEFT H.IGHT LEFT ~IGHl t.Efl · gJGHT LEFT RIGHT LEFT RIGHT 
100 
ANCHI1A MITCHlLLI 63 17 9 42 31 132 1S9 
GOtslUSCMA BOSCI 40 zooo 850 300\J 1667 11 6 82 118 365 311 
MEM~KAS MARTINICA 200 94 12 
ME~lOIA ~E~VLLINA 40 94 
MEN llllA HENJ 01 A ~ ;7 3 
HtN llll A Sl'. 94 
SPECIMEN MANGLED 3 
140 
'-0 
ANCHOA MITCHllll 35 -65 ~sa 68 40 ...... 
GOdttJSOMA l\USCt l'J 11 130 1b 118 llb 222 161 .292 
~(NIOIA SEKYLLl~A . 14 l 3 
S~N~~hTHUS fUSCUS 3 
ldO 
ANCHOA Mlftlilllt lit 9 It 41. ll olt 38 46 
GOtHOSUMA JOSC.l lb .Z 1Z 144 bS4 423 1b~ 103 251 41.3 Sll 
MtHdkAS ~AHTlNICA 16 3 6 
MENIDIA dS~~LllNA It 
MEN-lOlA MENiOlA 4 
220 
ANCHOA M 1 TCH ILL I 156 12 4l7 423 .)4) 2b4 115 230 316 2S7 396 147 
fUNDULUS HETEKOCLITU 13 
GOBIOSUMA BOSCI 221 72 ll.ft4 985 796 10~»6 157 368 617 396 1373 371 
HYPSOul~N~IUS HENTZI 1 3 
HEMbKAS MARTINJCA 65 12 21 62 1 16 10 22 Zit us 15 
MENIOIA dE~YLLlNA 12 t6 8 3 l 4 
ME:NlOlA MEiHUlA l6 24 s 3 6 3 
ME~lOIA SP. 3 ) 4 
SYhGNATHUS FUSCUS 9 
TRINEC.lE~ MACULATUS 7 
SPEtl~EN MANGLtO 7 45 
Table 9. (continued) 
INTAKE DISCHARGE 
STATION 
SPECif:S TIME SURfACE HlOWATER ~oTroM SUI\fACE MIDWATER BOTTOM 
LEFT ~lGHT lEfT RIGHT LEFT KIGHT LEFT RIGHT LEFT AIGHT LEFT RIGHT 
20 
ANCHOA MliCHILLI 56 21 1264 7S6 53l 300 328 124 198 67 2~2 1~ 
GOB I OSOMA dOSC I 270 lllt 27:>0 2341 l099 1ltU 502 142 53 it 307 723 ~91 
HYPSUjlfNNIUS HENTZI It 
~E~ORAS MA~TINJCA 225 116 sc, 73 144 CJ4 15 25 1 11 27 21 
MENIOIA ~tKYLLINA 54 1l'J )3 "l 8 11 7 lit It 
ME ~ 1 0 I A r1 t:N llH A It 
T~INECTES MACULATUS ~ 
SP £:(,I MEN ,.IA~GLEu lit 
60 
ANCHOA H JTCtU LL I 368 1l0 1400 909 1,.33 533 65 60 97 72 90 78 
GUUJlJSO:W.A dOSCI 1579 ~~7 1750 1273 19l.:S 1~)3 261 17~ 285 2~7 566 20~ 
HYI'SrJBLENNIUS tifNTZI 6 \D 
ME~BK4S MAKTI~ICA 5-i JO su ~s lOu 61 d 7 7 It (I) 
HENlUlA BEKYLLINA 6 67 3 
MENii.HA SP. 18 67 
S~t:CIMtN MA~GLEO 11 
Table 9. (continued) 
AUGUST 24 - AUGUST 25, l97e. 
INrAKE DISCHARGE 
STATION 
SPECIES T I ~E SlJi<FAC. E MlO~ATEtt ullTTO~ SURFACE MlDWATEl BOTTOM 
LEf-T ..RIGHT LEfT RIGHT Lf:FT tUGHT LEFT tUGiif lEFT RIGHT LEFT RIGHT 
100 
ANC.H!JA MITCHILLI 10 3 12 6 3 8 GObJOSOMA JOSCI 7 tS& 29 10 6 21 18 11 22 
MEt-~~R.\S fi4A~Tlfi1C-A 42 lit 29 3 3 
TRINECTES MACULATUS 29 
140 
AI\CHUA r4ITCHILLI 0 9 6 ., l9 9 
GOii I OSOI~A BOSC I 32 15 . 3 lZ 9 l6 24 5~ 29 16 31 
HYPSOBLI:N'IllJS ttENTZl 
-4 \0 
\D 
ld\l 
ANCHOA MITCH I lll 9 
.3 24 18 50 )7 
GQ!jhlSUI~A B•JSC I ltJ 12 23 23 59 41 9S )7 
HEM~KA~ MAKTtNICA 9 9 3 
SYM~HUHUS PLAGIUSA 4 
220 
ANLhUA MIJCHILLI 1& 48 11 92 18 36 18 25 22 22 53 19 
GO~IUSOMA iiOSCI 95 ~2 15lt 123 lb ~~ 4& lS 79 5J· 1~6 95 
ME~dRAS MA~TIN!CA 16 31 15 1~ 18 11 l 19 ~ 
MENI~IA ~ERYLli~A 1(, It 
SYiti'liukUS PLAGIUSA lb It It 4 11 SYNGN4THUS fUSCUS 4 
TRINECTES MACULATUS 4 
20 
ANCHOA MITCHILLI 39 ttO 35 20 10 48 27 30 3 37 45 
GOBI!JSO~A dOSCI 20 20 53 ltb 119 109 l1.l 65 112 89 160 153 
~YPS~SLENNlUS HENTZI 20 
HtMb~AS MAKrtNICA 4 4 l .l 1 J lS 
MENIOIA B~kYLLINA zo 
SYNGNATHUS fUSCUS 3 4 
Table 9. (continued) 
SPECIES 
STATI:JN 
T I P4E 
bO 
ANCt10A MITCH ILL I 
GDtsiOSOMA BDSCl 
MfMURAS MA~TINICA 
P E Pi< % L US ;>A;~ U 
SPECIHLN M4N~LEO 
SURf-ACE 
LEfT i(lGHT 
b 
b 
3 
3 
3 
10 
INTAKE 
MlfhiAT ER 
LE:fT Rl<iHT 
17 
SOT TUM 
LEFT klGHT 
21 
ltJ 
21 
4J 
21 
DISCHARGE 
SURFACE 
LEFT RIGHT 
12 
29 
12 
4~ 
MIOWATER 
LEfT RIGHT 
20 
41 
6 
20 
BOTTOM 
LEFT RIGHT 
38 
135 
71 
8b 
4 
~ 
0 
0 
Table 9. (continued) 
Sf:PTt:~~EK 29 - S£P.ft:MoEK 30, 1'176 
INTAKE OIS&HARGE 
STATION 
SPEC.IE:S TIME SUKJ-ACE HIOWATEK tWTTOM SlJ)tfACE MIOWATEK BOTTOM 
LEFT kiGHT LEFT KIGHT lEFT RIGHT LEFT RIGHT LEFT lllGHT LEFT RIGHT 
100 
ANCHOA M ITC.Hlt.LI 19 4 6 
GOB IOSOMA uOSC I 5 
HYPSUULEN~IUS HENTll 21 
SY-,.GNA THUS FustUS ll 
140 
SYNGNATHUS FUSCUS ~2 
...... 
0 
180 ...... 
ANCHOA MITCH I Lt I 41 n 6 
MIC~oPCGCN U~DULATUS 5 SY~PHUkUS PLAGIUSA 8 
SY~~NATHUS F~SCUS 1 
22\J 
A1'4CHUA MITCH l LL I lit 4 1 9 15 , 
GO:JIUSOMA tSTJSCI 5 
MEMSRAS MARTI~ICA 5 It 
MIC~OPUGON UN~Ul~TUS ~ 9 5 43 9Z 
SYM~HUitlJS PLAGIU"SA • 10 9 
2\) 
ANCHOA ~lTtHILLI 231 250 10 16 18 5 GOtHOSOMA 80SC I ]d 12 
HICROPOGUN UNOULATUS 115 12; 5 16 6 5 13 SYMPHURUS PLAGIUSA 115 63 8 22 6 19 
Table 9. (continued) 
StlECIES 
STATION 
TIME 
ANCH!.JA HITCHILLI 
GOoiOSOMA 80SCI 
ME~H~AS ~ARTINICA 
HICkUP~GUN U~OJL~TUS 
SYMPHV~US PLAGI~SA 
SY~GNATHU~ FUSCUS 
SUI( FACE 
LEFT kiGHT 
14 
INTAKE 
f'tii.)WATER 
LEfT KIGHT 
29 
ld 
29 
60TTOM 
lt:FT KIGHT 
9\l <il 
ll 36 
2~ 36 
lij 
DISCHARGE 
SU~FACE 
LEFT R 1 GHT 
HIOWATER 
LEFT RIGHJ 
10 
5 
s 
BOTTOM 
LEFT RIGHT 
15 18 
s· 6 
5 6 
·. 
Table 9. (continued) 
OCTOBER 20 - OCT08EK Zl t 1976 
INTAKE DISCHARGE 
sr AT toroJ 
SPECIES ·TIME SURfACE MIOWATE~ 80TTOM SURFACE MIDWATER BOTTOM 
LEFT RIGHT LEFT KIGHT LEfT RlGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
ANCtiOA HJTCHILLI 10 1 8 
140 
ANCHOA MITCHtU..I 7 13 
~~C~UPOGON U~UULATUS 13 
SYMPHURUS PLA~IUSA 
~ 
180 0 w 
ANCHOA MITCHILLI 227 227 L73 200 ItS 30 
MICKOPOGON UNOULATUS 91 45 
220 
ANCHOA ~ITCHILLI Jl 
MICRUPUGUN UNUULAJUS soo 19 
20 
ANCHOA HITCHllll 2~ 47 27 lit 16 
G06 h.ISOf\A BOSC 1 ll 
MlCRUPUGON UNOULATUS 10 47 6 7 1 16 16 
SYNGNATHUS FUSCUS 6 
60 
ANCHOA Ml TCHI Lt. I 12 
Table 9. (continued) 
NOV~H~Ek 4 - ~OVEMSER 5, 1'17o 
INTAKE DISCHARGE 
STATION 
SPECU:S TIME SUKFAC..E MliJhATE:ft dGTTO~ SUKfACE MIOWATER BOTTOM 
LEFT idGHT LEF-T KIGHT LEFT itl<;HT LEFT RIGHT LEFT RIGHt LEFT RIGHT 
100 
r-- ICROPOGOr.J UNDULI\TUS 5 
140 
180 
ANCHnA HITCHIL~l 8 ..... 0 HICRUPUGON UNDULATUS 25 6 11 3J i4 7 ~ 
220 
ANCHOA rot ITCH l LL I b 
MIC~OPGG~N U,.JUuLATUS LO ll 22 37 6 13 
20 
A~~ttWA MlH.HlLLI !i 
GOUirJ~OMA l>OSCI 5 
MIC..RUPOGUN U~UULATUS ~ 5 5 5 13 22 11 6 
ou 
,.UCROPOGllN UNOt.JLATUS 15 44 1b_ 8 7 1~ 
Table 9. (continued) 
~I.\ I I IJ 1 
I lo .. t:. 
~o\o(.!'f ••· :1 J J .,I J ll! 
··IlL .• ··. -~· · '-'·~ )...,L.\ ld~ 
-;. l. j 
.:. . ~ 1.. t-· ·l •· I I -. o1 1 !.. L l 
'•, j (. ;. . '"' '· 'J 'I ,J ·~ _, 'J L" J lJ J 
,: J 
.;4i'l(:~ ... ,~Jri..dllll 
M i::: ,· d ; ' :·. . ~ : y L Ll . I • 
I"'~ l.. • :-1 (,., 1 , J• o.J ; L ·· 1 V;, 
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LtfT "lt.hT 
14 
S\JI(fAL E 
LEFT KIGtH 
. ., 
5.1 
llb 
17 
DISCHARGE 
NIDIIIATE" 
LEfT RIGHT 
1~ 
7 
)9 
107 
22 
6 
~1 
6 
lll 
l.l 
BOTTOM 
&.EFT RIGHT 
16 
6 6 
lit> 
~6 ~8 
21 
a 
l 
1-' 
0 
U1 
Table 10. Species and number of fish eggs captured during 24-hour stations at VEPCO Surry Nuclear Power Station 
in 1976. 
SPECIES 
STATION 
Tl~E 
100 
UNIDENTIFIED 
APRil 6-APRIL 7, 1~76 
SURFACE 
LEfT t(lGHT 
INTAKE 
MIOWATER 
LEfT RIGHT 
BOTTOM 
LEFT ~lGHT 
SURFACE 
LEFT RIGHT 
DISCHARGE 
MIOiiATER 
LEFT RIGHT 
BOTTOM 
LEFT RIGHT 
1 
Table 10. (continued) 
SPECIES 
STATION 
T 1 ME 
20 
UNIDENTIFIED 
APRIL 14-APRIL 15, 197b 
SURFACE 
LEFT RIGHT 
INTAKE 
MlUWATER 
LEFT RIGHT 
BOTTOM 
LEFT tl1GHT 
SU~FACE 
LEFT RIGHT 
DISCHARGE 
MIOWATER 
LEFT RIGHT 
1 
BOTTOM 
lEFT RIGHT 
1--' 
0 
.....,] 
Table 10. (continued) 
SPECIES 
STATION 
TIME 
100 
UNIDENTIFIED 
140 
A~CHOA MITCH ILL I 
UNIUENTIFil:U 
42 
UNIOE~TIFIED 
APRIL 19-APRIL 20, 1976 
SURfACE 
LEFT KIGHT 
INTAKE 
MIOWATER 
Llfl KIGHT 
BOTTOM 
l[FJ KICiHT 
SURFACE 
LEFT RIGHT 
DISCHARGE 
MIOWATER 
LEfT RIGHT 
2 
1 
1 
BOTTOM 
"LEfT RIGHT 
1 
·2 
1 
....... 
0 
(X) 
Table 10. (continued) 
MAY 5 - MAY o,1976 
INTAKE 01 SCHARGE 
STATION 
SPECIES TIME SURfACE Ml OWATER BOTTOM SURFACE MIOWATER BOTTOM 
LEfT RIGHT LEFT RIGHT LEfT RIGHT LEFT RIGHT LEFT RIGHT lEFT RIGHT 
100 
ANCHOA MlTCHilll 5 5 5 3 2 1 5 1 1 
140 
ANCHOA MlTCHILLI 1 3 1 2 1 1 
1~\) 
1-' 
0 
ANCHOA MITCHILLl 1 1 \D 
lZO 
ANCHOA HITCHILll 1 1 1 1 
zo 
ANCHOA MITCHILLI 2 2 2 z 2 
60 
ANCHOA MITCH ILL I 10 9 10 13 7 1 1 . 1 1 1 l 2 
Table 10. (continued) 
SPECIES 
ANCHCA 
ANCHOA 
ANCHO.\ 
A~CHOA 
A~CHCA 
ANCHOA 
STATION 
TlltE 
100 
MITCHllll 
140 
MlfCHILLl 
1d0 
MITCHILLI 
220 
Ml TCH ILL I 
20 
MlTCHll.l.l 
60 
MITCHilll 
MAY 11 - MAY 1lrl976 
SURfACE 
LEFT RIGHT 
5 6 
z 
1 
2 5 
11 
1 
INTAKE 
MIOWATER 
LEFT RIGHT 
12 
4 5 
4 3 
22 29 
1 
SOT TOM SURFACE 
LEFT ~IGHT LEFT RIGHT 
3 1 19 
7 5 
9 20 3 6 
13 27 11 8 
21 ll 5 
4 8 21 "26 
DISCHARGE 
MIOIIIATcR 
LEFT H.IGHT 
19 16 
2 5 
2 2 
20 12 
l 17 
27 30 
BOTTOM 
LEFT RIGHT 
13 s 
z 
.l 9 
15 32 
11 12 
..... 
..... 
0 
Table 10. (continued) 
MAY 17 - MAY 18,1976 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURFACE MlD-ATER BOTTOM SURFACE HI DWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
ANCHOA HITCHILL I 51 56 9 52 13 13 76 73 113 105 71 98 
140 
A"'CHOA ~ITCHILLI 1 7 60 69 100 82 18 26 20 20 31 25 
00;{~S:J~A SPP. 1 
MENIO[A SERYLLINA 2. 
~ENIOIA HENIOIA 1 ........ 
........ 
1~0 ........ 
ANCHOA MlTCHILLl 60 74 113 75 111 152 13 23 13 30 21 29 
220 
ANCHOA HITCH ILL I 4 7 20 26 12 17 17 33 18 37 47 
zo 
ANCHOA MITCHILLl 3 5 164 174 612 579 65 30 51 8~ s~ 19 
60 
ANCHOA HEPSETUS 1 
ANCHOA HITCHILLI 149 102 .375 500 752 767 129 91 186 171 180 144 
HENIOIA HEr\llOIA 1 
Table 10. (continued) 
HAY 25 - HAY 26,1976 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURFACE MIOWATER BOTTOM SURFACE MIOWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT KIGHT LEFT RIGHT LEFT RIGHT lEFT RIGHT 
100 
ANCHOA HITCHILLI 13 11 106 141 111 140 59 12 38 19 29 20 
140 
ANCHOA HEPSETUS 1 
ANCHOA MITCHILLl 5 2 9 9 22 14 15 12 11 24 32 
180 ~ 
~ 
tl.) 
ANCHOA HITCHILll 20 17 42 44 64 54 6 7 10 4 13 
OOROSOMA SPP. 1 
220 
ANCHOA MITCHILLI 21 17 61 64 59 57 22 28 12 18 36 
MENIOIA BER¥LLINA 1 
zo 
ANCHOA MITCHilLI 2 5 10 10 7 11 32 12 12 13 30 
60 
ANCHOA MITCH ILL I 20 19 43 24 39 53 46 28 25 24 15 25 
Table 10. (continued) 
JUNE 3 -JUNE 4,1976 
INTAKE DISCHARGE 
STATION 
SPECI~S TIME SURFACE MIOWATER BOTTO~ SURFACE HIOWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT ~IGHT LEFT RIGHT 
100 
ANCHOA MITCH ILL I 30 22 35 35 139 108 26 19 36 14 102 36 
140 
ANCHOA HITCHILLI 94 102 281 284 258 L.72 143 98 172 145 131t 169 
UNIDENTifiED 1 1 
180 1--' 
1--' 
w 
ANCHOA HEP:iETUS 1 
ANCHOA MITCHllll 37 33 116 107 70 78 59 ItO 51 60 62 87 
MENlOIA ME~lOIA 1 1 
220 
ANCHOA MITCHILLI 2 1 Zit 12 2 19 18 lit 27 36 24 51 
OOkOSOMA SPP. 1 3 
MENlOIA MENIOJA 1 
20 
ANC.HOA MITCHILLI 28 37 80 41 180 154 53 60 66 32 76 76 
MENIOIA BERYLLINA 1 
60 
ANCHOA MITCHllll 197 329 853 393 510 236 491 231 175 235 21t3 
Table 10. (continued) 
JUNE 28 - JUNE 29, 1976 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURFACE HI OWATER BOTTOM SURFACE MIOWATER BOTTOM 
LEfT RIGHT LEfT RIGHT LEfT KIGHT LEFT RIGHT LEfT RIGHT LEFT RIGHT 
100 
ANCHOA MITCH ILL 1 5 3 32 21 35 29 8 3 1 1 1 
140 
ANCHC4 MITCH Ill I 1 2 s 1 1 
180 
...... 
...... 
AN<.HCA MITCH I Lll 1 2 2 6 1 ~ 1 2 4 2 3 ol::oo 
MENIDIA ME~lDIA z 
220 
ANCHllA M 1 TCH ILL I 1 1 4 1 22 5 20 79 19 73 
OOkUSOMA SPP. 1 
FUNDULUS DlAPHANUS 3 
zo 
ANCHOA MITCHILLI 1 3 4 4 8 32 26 2S 16 S7 10 
60 
ANCHOA MITCH ILL I 9 4 12 11 12 33 60 113 40 121 181 311 
Table 10. (continued) 
JULY 26 - JULY 21, 1976 
INTAKE DISCHARGE 
STATION 
SPECIES TI~E SURFACE MID WATER BOTTOM SURFACE MIOWATEK BOTTOM 
lEFT KIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
ANCt-IOA MITCH ILL I 2 2 1 1 1 1 1 5 3 1 7 
GOBIOSCMA 80SCI l 
MENIDIA MENIDIA 1 
140 
ANCHOA MlTCHllll 3 5 1 1 2 .3 3 
180 1-' 1-' 
U1 
ANCHOA MITCHILLl 32 86 140 201 14 18 39 11 8 
0 
ANCHOA MITCHILLI 2 6 1 6 
20 
ANCHOA MITCHilll 4 1 
MENIOIA MENIDIA l 
60 
ANCHOA MITCH ILL I 1 1 2 2 
Table 10. (continued) 
AUGUST 24 - AUGUST 25. 1976 
INTAKE DISCHARGE 
STATION 
SPECIES TIME SURFAC.E MIOWATER BOTTOM SURfACE MIDWATER BOTTOM 
LEFT kiGHT LEFT itlGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
A~CHOA HEPSETUS 1 
ANCHOA MITCH ILL 1 10 18 5 8 13 5 15 10 3 11 
140 
ANCHCA MITCHILLI 10 9 2 1 4 10 5 10 1 
GUBIOSOMA ~OSCI 1 
t-' 
ldO ~ 0'\ 
ANCH~A MITCHILLI 2 2 2 1 5 6 6 2 
MENIDIA HENIOIA 1 
220 
ANCHOA MITCHILLI 1 1 2 
20 
ANCHOA MITCHILLI 1 1 2 22 16 7 s 8 2 
60 
ANCHOA MITCHILLI 2 4 6 8 5 8 5 11 
GO~IOSOMA BOSCl 6 
Table 10. (continued) 
SPECIES 
STATION 
TIME 
180 
ANCHOA MITCHILLI 
SEPTEMBER 29 - SEPTEMBER 30, 1976 
SURFACE 
LEFT RIGHT 
INTAKE 
HIOWATER 
LEFT RIGHT 
BOTTOM 
LEFT H.lGHT 
SURFACE 
LEFT RIGHT 
DISCHARGE 
MIOWATER 
LEFT RIGHT 
1 
SOTTOM 
lEFT RIGHT 
Table 11. Species and calculated number of fish eggs per 100m3 captured during 24-hour stations at VEPCO Surry 
Nuclear Power Station in 1976. 
Sf.'ECIES 
STATION 
ilHE 
100 
UNlOE:<.JTIFIEO 
APRIL ~-APRIL 7, 1976 
SURFACE 
LEFT RluHT 
INTAKE 
MlOWATER 
LEFT RIGHT 
80TTOat 
LEFT r{IGHT 
SURFACE 
LEFT KIGHT 
DISCHARGE 
MIDWAfE~ BOTTO~ 
LEFT RIGHT · LEFT RIGHT 
Table 11. (continued) 
APRIL 14-APRIL 15, 1976 
SPECIES 
STATION 
T I HE 
20 
UNIDENTIFIED 
SURFACE 
LEFT RIGHT 
INTAKE 
MIOWATER 
LEFT RIGHT 
BOTTOM 
LEFT RIGHT 
SURFACE 
LEFT RIGHT 
DISCHARGE 
MIDWATER 
LEFT !UGHT 
z 
BOTTOM 
LEFT RIGHT 
Table 11. (continued) 
SPECIES 
STATION 
TIME 
100 
UNIDENTIFIED 
140 
ANCHOA MITCHILLI 
UNIDENTIFIED 
42 
UNIDENTIFIED 
APRIL 19-APRIL 20, 1976 
SURFACE 
LEFT RIGHT 
INTAKE 
PUDWATER 
LEFT RIGHT 
BOTT0'4 
LEFT RIGHT 
S~RFACE 
lEFT RIG!iT 
DISCHARGE 
MIDwATER. 
LEFT RIGHT 
6 
l 
3 
BOTTOM 
LEFT RIGHT 
3 
3 
Table 11. (continued) 
SPECIES 
ANCHOA 
ANCHOA 
ANCHOA 
ANCHOA 
ANCHOA 
ANCHOA 
STATION 
TIME 
100 
M 1 TCHI Ll.l 
140 
MITCHILLI 
180. 
MITCHILLI 
220 
MITCHILLI 
20 
MIT CHILLI 
60 
MITCHILLI 
MAY 5 - MAY 6 9 1976 
SURFACE 
LEFT RIGHT 
12 12 
14 
59 51 
INTAKE 
MIDWATER 
LEFT RIGHT 
17 10 
13 10 
2 2 
10 
29 39 
BOTTO~ 
LEFT RIGHT 
34 
7 17 
22 23 
SURFACE 
LEFT RIGHT 
6 
3 
3 
3 
3 
6 
3 
DISCHARGE 
MIDWATER 
LEFT RIGHT 
16 
6 
6 
3 
3 
3 
3 
BOTTOM 
LEFT RIGHT 
3 
3 
3 
3 
~ 
N 
~ 
3 
6 
Table 11. (continued) 
MAY 11 - MAY 12,1976 
INTAKE DISCHARGE 
STA Tl ON 
SPECIES TIME SURFACE MIOWATER BOT TUM SURFACE MIDWATER BOTTOH 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEfT RIGHT LEFT RiGHT LEFT RIGHT 
100 
ANCHOA HITCHILLI 78 140 25 51 36 19 24 78 82 65 48 19 
140 
ANCHOA MITCHILLI 15 33 16 26 32 30 7 17 6 
180 ~ 
f\,) 
f\,) 
ANCHOA MITCH ILL I 8 18 19 27 66 12 Zit 7 7 11 31 
220 
ANCHOA MlTCHILLI 118 1000 373 492 104 216 42 31 71 43 53 116 
20 
ANCHOA MlTCHILLI 96 77 41 19 10 58 
60 
ANCHOA HITCHILLI 26 36 93 115 102 115 40 44 
Table 11. (continued) 
SPECIES 
ANCHOA 
STATION 
TIME 
100 
HITCHILLI 
140 
ANCHOA MITCHllll 
DOKOSOMA SPP. 
~'.ENIDIA BER YLL INA 
HENIDIA MEN I ::HA 
180 
ANCHOA HITCHILLl 
220 
ANCHOl HITCHILLI 
20 
ANCHOA MITCHILLI 
60 
ANCHOA HEPSETUS 
ANCHOA MITCHILLI 
HENIDIA MENIOIA 
MAY 17 -HAY ldt1976 
SURFACE 
LEFT RIGHT 
1457 1400 
72 111 
723 1042 
53 63 
49 111 
1656 1244 
INTAKE 
HI~WATER 
U:fT RIGHT 
161 929 
606 507 
352 219 
31 64 
1763 2636 
1'15 1718 
BOTTOM 
LEFT RIGHT 
76 62 
459 376 
485 531. 
464 218 
5100 5462 
2507 2582 
SURFACE 
LEFT RIGHT 
317 298 
58 79 
3 
6 
44 80 
69 64 
256 112 
516 375 
DISCHARGE 
MIDWATER 
LEFT RIGHT 
388 360 
75 73 
45 106 
119 63 
198 316 
655 576 
BOTTOM 
LEFT RIGHT 
256 346 
113" 87 
It 
72 98 
123 157 
225 348 
It 
687 51tl 
4 
~ 
~ 
w 
Table 11. (co~tinued) 
SPECIES 
ANCHOA 
ANCHOA 
A~CHOA 
STATION 
TIME 
100 
MITCHILLI 
140 
HEPSETUS 
MITCHILLI 
180 
ANCHOA MITCHILLI 
OlJROSOt-tA SPP. 
220 
ANCHOA MITCHILLI 
MENIUIA BERYLLINA 
20 
ANCHOA MITCHilll 
60 
ANCHOA HITCH Ill I 
MAY 25 - MAY 26,1976 
SURFACE 
LEFT kiGHT 
68 54 
45 18 
103 79 
176 159 
14 32 
145 150 
INTAKE 
MIOWATER 
LEFT RIGHT 
505 583 
85 84 
206 182 
462 464 
69 71 
544 353 
BOTTOM 
LEFT RIGHT 
468 530 
116 51 
379 281 
5 
518 339 
38 50 
629 883 
SURFACE 
LEFT RIGHT 
276 51 
23 51 
25 24 
88 109 
112 43 
162 97 
DISCHARGE 
MIDWATER 
LEFT RIGHT 
154 77 
46 42 
29 40 
46 15 
43 45 
85 86 
BOTTOM 
LEFT RIGHT 
117 78 
It 
86 116 
15 49 
70 134 
4 
105 20 
50 89 
~ 
tv 
~ 
Table 11. (continued) 
SPECIES 
ANCHOA 
STATION 
TIME 
100 
MITCHILLI 
. 140 
ANCHOA HITCHILLI 
UNIDENTIFIED 
180 
ANCHOA HEPSETUS 
ANCHOA HlTCHILLI 
HENIOIA HENIDIA 
220 
ANCHOA MITtHILLJ 
lJOROSOMA SPP. 
MENIOIA ME1HOIA 
20 
A~CHOA MITCH I L L1 
MENIOIA BERYLLINA 
60 
ANCHOA MITCHILLI 
JUNE 3 - JUNE 4,1976 
SURFACE 
LEFT RIGHT 
110 lOB 
485 596 
185 184 
8 
188 226 
727 1154 
INTAKE 
MIOWATER 
LEFT RIGHT 
110 156 
1338 1764 
400 540 
81 41 
385 155 
2853 
BOTTOM 
LEfT RIGHT 
933 1069 
1792 2542 
9 
4 
287 433 
7 73 
577 537 
1506 1741 
SURFACE 
LEFT RIGHT 
105 77 
624 421 
226 161 
76 56 
4 
It 
276 302 
1022 1925 
DISCHARGE 
MIOWATER 
LEFT RIGHT 
134 52 
688 614 
193 232 
96 127 
398 143 
1055 717 
BOTTOM 
LEFT RIGHT 
300 111 
558 781 
4 
239 318 
4 It 
98 182 
12 
309 338 
4 
933 887 
...... 
N 
V1 
Table 11. (continued) 
JUNE 28 - JUNE 29, 1976 
INTAKE DISCHARGE 
STATION 
SPECIES TI:-1E SURFACE HIDWATER BOTTOM SURFACE MIDWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT 
100 
ANCHOA MITCH ILL I 1000 300 2909 116 7 1296 1000 25 9 17 3 3 4 
140 
ANCHOA MITCHILLI 13 15 27 3 3 
18() 
...... 
tv 
ANCHOA MITCHILLI 17 9 9 30 5 13 3 6 12 6 10 ~ 
MENIOIA 11ENIDIA 6 
220 
ANCHOA MITCHILLI 29 37 143 22 73 17 64 255 58 229 
DOROSOMA SPP. 3 
f~NDULUS DIAPHANUS 9 
20 
ANCHOA MITCH ILL I 59 500 107 200 32 113 105 87 74 47 164 30 
60 
ANCHOA MITCHILLI 220 100 68 64 40 98 194 365 113 351 536 928 
Table 11. (continued) 
SPECIE.S 
A~CHOA 
STATION 
TIME 
100 
MITCHILLI 
GOBIOSOMA SOSCI 
MENIDIA HENI.OIA 
140 
ANCHOA MITCH ILL I 
180 
ANCHOA MITCHILLI 
0 
ANCHOA HITCH ILL( 
20 
ANCHOA MITCHILLI 
MENIOIA HENIDIA 
60 
ANCHOA MITCHllll 
JULY 26 - JULY 27, 1976 
SURFACE 
LEFT RIGHT 
38 80 
54 70 
1~0 343 
INTAKE 
MIDWATER 
LEFT RIGHT 
63 50 
23 
495 630 
50 
BOTTOM 
LEFT KIGHT 
111 Sb 
23 3 
2b 59 
SURFACE 
LEFT RIGtiT 
3 15 
6 
57 
7 
15 4 
4 
DISCHARGE 
HIDWATER 
LEFT RIGHT 
8 
3 
9 
119 
19 3 
7 
BOTTOM 
LEFT RIGHT 
3 20 
3 
38 2d 
27 
8 
~ 
rv 
...... 
Table 11. (continued) 
AUGUST 24 - AUGUST 25. 1976 
INTAKE OISCH,RGE 
STATION 
SPECIES TIME SURFACE MlDWATEtt BOTTOM SU~FACE MIDWATER BOTTOM 
LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIG~T LEFT F.I GHT LEFT RIGHT 
100 
ANCHOA HEPSETUS 3 
ANCHOA MITCHILLI 141 118 33 229 42 16 46 30 8 30 
140 
ANCHOA MITCHILLI 159 95 27 6 4 16 29 15 31 22 
GOSIOSOHA t30SCI 3 t-' 
1\.) 
1~0 CD 
ANCHOA MITCHILLI 17 17 24 3 17 18 25 8 
MENIDIA ME~>JIDIA 3 
220 
ANCHOA MITCH ILL( 18 
20 
ANCHOA HITCHILLl 20 20 7 109 79 24 16 30 7 
60 
ANCHOA HITCHILLI 8 17 128 170 14 23 15 41 23 
GOBIOSOMA SOSCI 23 
Table 11. (continued) 
SPECIES 
STATION 
TIME 
180 
ANCHOA HITCHILLI 
SEPTEMBER 29 - SEPTEMBER 30, 1976 
SURFACE 
LEFT RIGHT 
INTAKE 
MIDWATER 
LEFT RIGHT 
BOTTOM 
LEFT RIGHT 
SURFACE 
LEFT RIGHT 
DISCHARGE 
MIOWATER 
LEFT RIGHT 
5 
BOTTOM 
LEFT RIGHT 
Table 12. Ranges of salinity (PPT) at VEPCO Surry Nuclear Power Plant during 24-hour 
plant entrainment stations from January through December 1976. 
I N T A K E D I S C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 
Jan. 14-15 High 2.8 2.8 2.8 2.8 2.8 2.8 
Low 1.2 1.2 1.2 1.2 1.2 1.2 
Feb. 12-13 High 1.8 1.7 1.7 1.7 1.7 1.8 
Low 1.2 1.2 1.3 1.3 1.3 1.3 
Mar. 02-03 High 1.9 1.9 2.0 1.9 1.9 1.9 
Low 1.4 1.4 1.4 1.4 1.4 1.4 
Mar. 16-17 High 2.5 2.5 2.6 2.5 2.5 2.5 1--' w Low 1.5 1.5 1.6 1.4 1.4 1.4 0 
Apr. 06-07 High 1.3 1.3 1.3 1.3 1.3 1.2 
Low 0.8 0.9 0.9 1.0 1.1 1.0 
Apr. 14-15 High 2.5 2.5 2.6 2.6 2.6 2.6 
Low 2.0 2.1 2.1 2.0 2.0 2.1 
Apr. 19-20 High 2.3 2.3 2.4 2.5 2.4 2.5 
Low 1.8 1.8 1.8 2.0 2.0 2.0 
Apr. 28-28 High 3.7 3.8 3.8 3.8 3.7 3.7 
Low 2.2 2.5 2.5 2.3 2.2 2.8 
May 05-06 High 4.8 4.8 5.1 5.0 5.0 5.0 
Low 4.4 4.4 4.5 4.6 4.4 4.4 
May 11-12 High 5.1 5.2 5.2 5.4 5.3 5.3 
Low 4.6 4.6 4.6 4.9 4.9 4.9 
Table 12. {Continued) 
INTAKE D I S C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 
May 17-18 High 5.5 5.6 5.7 5.7 5.7 5.7 
Low 4.3 4.0 4.3 4.5 4.5 4.5 
May 25-26 High 6.1 6.1 6.1 6.1 6.1 6.1 
Low 5.1 5.2 5.6 5.4 5.4 5.4 
June 03-04 High 5.4 5.6 5.7 5.5 5.6 5.5 
Low 4.5 4.1 4.5 4.5 4.5 4.5 
June 28-29 High 3.5 3.9 3.8 3.8 3.8 3.7 1-' 
w Low 2.3 2.4 2.8 2.7 2.7 3.0 1-' 
July 26-27 High 9.3 9.4 9.6 9.4 9.4 9.4 
Low 8.3 8.3 8.4 8.3 8.3 8.3 
Aug. 24-25 High 11.1 10.7 11.0 10.8 10.7 10.8 
Low 9.8 9.9 9.9 10.0 10.0 10.0 
Sept. 29-30 High 11.1 11.2 11.2 10.8 10.8 10.8 
Low 9.5 9.6 9.6 9.7 9.7 9.7 
Oct. 20-21 High 4.3 4.6 4.7 4.5 4.5 4.5 
Low 3.3 3.6 3.7 3.9 3.9 3.9 
Nov. 04-05 High 1.2 1.3 1.4 1.4 1.4 1.4 
Low 0.7 0.6 0.9 0.9 0.7 0.7 
Dec. * 02-03 High 4.7 4.8 4.8 4.1 4.4 4.8 
Low 2.7 2.9 4.3 * 2.9 2.9 
*Many .samples on this date were broken due to freezing. 
Table 13. Ranges of water temperature {C) at VEPCO Surry Nuclear Power Plant during 
24-hour plant entrainment stations from January through December 1976. 
DATE 
Jan. 14-15 High 
Low 
Feb. 12-13 High 
Low 
Mar. 02-03 High 
Low 
Mar. 16-17 High 
Low 
Apr. 06-07 High 
Low 
Apr. 14-15 High 
Low 
Apr. 19-20 High 
Low 
Apr. 28-29 High 
Low 
May 05-06 High 
Low 
May 11-12 High 
Low 
May 17-18 High 
Low 
Surface 
7 
4 
8 
6 
17 
13 
13 
10 
17 
14 
17 
14 
22 
18 
19 
12 
20 
17 
20 
19 
23 
21 
I N T A K E 
Midwater 
7 
5 
8 
6 
15 
13 
12 
8 
17 
14 
17 
14 
22 
18 
18 
12 
20 
17 
20 
19 
24 
21 
Bottom 
7 
5 
7 
6 
15 
13 
12 
8 
16 
14 
16 
14 
21 
18 
19 
12 
19 
17 
20 
19 
23 
20 
D I S C H A R G E 
Surface 
15 
13 
15 
14 
23 
20 
17 
14 
25 
21 
24 
22 
28 
24 
19 
16 
22 
18 
24 
23 
28 
26 
r-tidwater 
14 
12 
15 
13 
23 
21 
17 
13 
24 
21 
23 
21 
28 
24 
18 
15 
21 
17 
24 
23 
28 
25 
Bottom 
14 
12 
15 
13 
22 
20 
16 
12 
24 
20 
23 
21 
28 
23 
19 
15 
21 
17 
24 
23 
27 
26 
Table 13. (Continued) 
I N T A K E D I S C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 
May 25-26 High 21 21 21 25 25 25 
Low 19 19 19 24 23 23 
June 03-04 High 21 21 21 22 21 21 
Low 20 20 20 21 20 20 
June 28-29 High 28 27 27 36 35 35 
Low 24 24 24 33 32 31 
July 26-27 High 29 29 28 36 35 35 ...., 
Low 26 26 26 33 32 32 w w 
Aug. 24-25 High 28 29 29 37 36 35 
Low 26 26 26 35 34 34 
Sept.*29-30 High 23 23 23 22 22 22 
Low . 21 21 21 21 21 21 
Oct.* 20-21 High 16 16 16 16 16 16 
Low 14 13 10 14 14 14 
Nov.* 04-05 High 12 12 12 12 12 12 
Low 10 10 10 11 10 10 
Dec.* 02-03 High 7 6 6 6 6 6 
Low 4 4 4 3 3 3 
*Plant inoperative for refueling. No 4T. 
Table 14. Ranges of dissolved oxygen (mg/1) at VEPCO Surry Nuclear Power Plant during 
24-hour plant entrainment stations from January through December 1976. 
I N T A K E D I s C H A R G E 
DATE Surface Midwater Bottom Surface Midwater Bottom 
Jan. 14-15 High 11.4 11.6 12.3 14.3 12.3 11.7 
Low 10.6 10.7 10.3 10.5 9.5 10.0 
Feb. 12-13 High 12.8 11.6 11.8 11.6 11.3 11.6 
Low 10.1 9.9 10.6 11.0 10.7 10.8 
Mar. 02-03 High 11.3 11.4 10.2 10.6 10.4 10.1 
Low 8.8 8.4 9.3 8.5 8.9 7.9 
Mar. 16-17 High 11.0 10.1 10.2 10.3 9.8 10.0 ~ w 
Low 9.2 9.2 9.4 6.6 8.8 9.3 ~ 
Apr. 06-07 High 9.7 9.4 10.1 9.0 9.1 9.1 
Low 8.2 8.7 4.9* 8.5 8.4 8.4 
Apr. 14-15 High 9.9 9.8 9.9 9.5 9.5 9.6 
Low 8.1 8.3 8.6 8.8 9.1 8.6 
Apr. . 19-20 High 9.7 9.8 9.7 9.7 10.2 10.0 
Low 8.2 9.0 8.0 8.1 8.2 8.4 
Apr. 28-29 High 9.8 11.0 8.7 9.1 9.2 9.1 
Low 8.3 8.4 8.5 8.3 8.1 8.2 
May 05-06 High 9.0 9.1 9.2 9.3 9.4 9.3 
Low 8.7 8.6 8.7 8.8 8.8 8.8 
May 11-12 High 8.9 9.7 9.1 10.9 10.9 9.8 
Low 7.9 7.9 8.2 7.1 7.6 7.3 
May 17-18 High 8.6 8.5 9.0 8.7 9.0 9.0 
Low 6.9 6.8 8.0 7.3 7.2 7.6 
··--
Table 14. (Continued) 
I N T A K E D I S C H A R G E 
DATE Surface Midwater Bottom Surface f-1idwater Bottom 
May 25-26 High 10.1 9.5 9.2 8.9 9.5 9.6 
Low 8.2 7.2 6.0 8.3 8.3 8.0 
June 03-04 High 12.2 9.4 9.0 8.3 8.1 8.5 
Low 7.1 6.9 7.8 7.7 7.5 7.5 
June 28-29 High 8.5 9.1 8.2 7.7 7.5 8.0 
Low 6.3 7.3 7.0 6.4 6.5 6.4 
July 26-27 High 6.9 6.8 6.9 6.7 6.4 6.8 ~ w Low 5.5 6.0 6.0 5.7 5.8 6.0 lJ1 
Aug. 24-25 High 8.4 8.7 8.5 11.5 8.0 8.6 
Low 7.0 7.1 7.4 7.3 7.0 6.5 
Sept. 29-30 High 7.9 8.2 8.0 8.3 7.6 8.1 
Low 7.0 7.0 6.9 7.1 7.0 7.2 
Oct. 20-21 High 9.0 9.2 9.0 8.8 9.3 8.9 
Low 8.4 8.2 8.4 8.3 8.5 8.5 
Nov. 04-05 High 5.2 5.1 5.3 9.9 9.6 9.6 
Low 4.7 4.8 4.9 4.8 5.1 4.9 
Dec. 02-03 High 11.9 11.7 11.6 11.7 11.1 11.7 
Low 9.6 7.4 7.5 10.4 10.4 10.8 
*D.O. very low from Chern. Lab. 
Table 15. Simple correlation coefficients of dependent (Y,) and independent (Xi) variables 
P < 0.01; ,.,.,., very highly significant correlati~n, P < 0.001). 
xl x2 x3 x4 
y. 
1 Temperature Salinity Depth Location 
Yl, Total abundance 0. 360,.,.,·, 0.235''"'"" 0.108'';·,'; -0.001 
of fish 
(n:514) 
Y2, Total abundance 0. 453''''1' 0. 318''"'"'' 0.045 -0.024 
of eggs 
(n=614) 
YJ, Abundance of 0.4641dd; 0. 2871d;·i< 0.072 0.118''' 
~· mitchilli fish -~=346) 
Y, , Abund:1nce of 0.178'"'"''' -0. 329''""''' 0.080 -0.054 
. .1.': mitchilli eggs 
- -~~46) 
Y5 , Abundance of 
0.633,.,;,•, 0. 17 6,.,,,., 0.121"- -0.008 
G. bosci fish 
- -(n=346) 
,., significant correlation, P < 0.05; *"~< highly significant correlatio::t, 
x5 x6 x7 x8 X9 
Period Tide Fall Winter Spring 
0. 264,.,.,., 
-0.052 -0. 097''' -0.027 -0.186,.,.,,., 
-0.038 -0.001 -0.179*** -0. 385'''** 0.411""'''' 
0. 202''"'"'' -0.002 0.013 NA -0.428'''""'' t-a 
w 
0"1 
-0.073 0.011 -0.421>'<>"<* NA 0.634'''""'' 
0 .137'"''' 0.026 -0.2691dd< N..<\ -0.142'"''' 
Table 16. Descriptive statistics of dependent (Yi) and independent (Xi) variables (N number of observations). 
January - October, 1976 May - October, 1976 
Standard Standard 
Variable Mean Deviation Minimum Maximum N Mean Deviation Minimum Maximum N 
yl' Total abundance of fish 1.209 0.917 0 3.870 651 
Y2, Total abundance of eggs 0.811 '1.116 0 4.024 651 
Y3, Abundance of f1. mitchilli fish 0.596 0.853 0 3.364 369 
Y4, Abundance of !!· mitchilli eggs L421 1.144 0 4.024 369 
Y5' Abundance of Q. bosci fish Q.958 1.124 0 4.845 369 
Xl, Temperature 20.115 6.691 4 37 616 23.454 5.487 10 37 346 
~ 
x2' Salinity 4.456 2.969 1 11 645 6.350 2.576 2 11 369 
w 
-..J 
x3, Depth 3.178 2.124 1 7 651 3.173 2.122 1 7 369 
x4, Location 0.493 0.500 0 1 651 0.496 0.501 0 1 369 
x5' Period 0.490 0.500 0 1 651 0.491 0.501 0 1 369 
x6, Tide 0.058 0.697 -1 1 651 0.046 0.701 -1 1 369 
x7, Fall 0.055 0.229 0 1 651 0.098 0.297 0 1 369 
x8, Winter 0.212 0.409 0 1 651 
x9' Spring 0.553 0.498 0 1 651 0.585 0.493 0 1 369 
Table 17 Su~~ry statistics fo~ final stepwise regression cquatioas; R2 = coefficieat of multiple determination, Fs = F statistic for F-test of significan~e of regression, 
DF = degrees of freedom foe F-test, Sig. = significance of the regression, bi = partial regression coefficient (Partial F-test of significance of bi, Ho: bi = 0, 
H1: bi 1- 0; >:p < 0.10; "~<•'•P< 0.01; •b'c'<P < 0.001; ns, not significant, P > 0.10). 
--------- bi 
Final Equation X 1 x2 x3 x4 x5 X6 x7 x8 x9 
Yi R2 Fs DF Sig. Temperature Salinity Depth Location Period Tide Fall Winter Spring Constant 
---------
yl' Total aJundance 0.335 43.7 7,606 0.001 0.086•':>':;': -0.07 7•';;';;': 0.062•':;';-i: -0. 295;',;':;': 0.487M:;': ns -0.386•'•* ns -0. 700•':>':;~ -0.096 
of fish 
Yl, Total ab~ndance 0.638 133.5 8,605 0.001 0.110•':;'«'< 0.446•':;':;': ns -0.591-id:;': -0. 186;':>'<>'< -0.121'>':'{: 3.184'>':>':'{: 4.475i<o'd: 3.882.,."'•* -6.277 
of eggs 
Y3, Abundance of 0.466 42.2 7,338 0.001 0.048;';;':;': -0. 304•':.':'{: 0.070•':;':;': 0.163•': 0.367•':>':.': ns -1. 705•':;':;': NA -2.131•b'd: 2.352 A· !!!i-.E.£hilli fish 
Y4, Abundance of 0.559 61.1 7,338 0.001 0. 115·~··:.·: 0.206•',;':;': 0.038•': -0.492•':'{:;': -0.248M< ns 1.845•bb': NA 2.889•'dd: -4. Hl3 
!J... mit~~!._lli eggs 
Y5 , Abund3.nce of 0.557 60.7 7,338 0.001 
0.13Q;'c;';>': -0. 362;';;',;': 0,09l•'c'c;': 
-0.317•':>': 0.299•'dd: ns - 1. 90 1 i:i:·:: NA -1. 774•':;':'>': 1.143 
.Q. bosci fish 
...... 
w 
(X) 
Section II b. 
THERMAL PLUME ENTRAINMENT OF ICHTHYOPLANKTON 
AT VEPCO NUCLEAR POWER STATION 
by 
John v. Merriner 
A. Deane Estes 
and 
Robert K. Dias 
EXECUTIVE SUMMARY 
Thermal plume ichthyoplankton sampling was initiated 
at VEPCO Surry Nuclear Power Plant in August 1975 by the 
Ichthyology Department of Virginia Institute of Marine 
Science. Objectives of this study were to assess the kinds 
and amounts of ichthyoplankton being entrained from the 
waters of Cobham Bay, James River by the thermal effluent 
from the facility. 
Periodic day-night plume entrainment stations were 
sampled from January through October 1976. A 0.5 meter 
paired net apparatus (505~ mesh) was employed to make 
stepped oblique tows in the discharge canal (1 tow), ~5 C 
plume area (2 tows), and in ambient river water (2 tows). 
Hydrographic data were taken for all tows. 
Multiple regression was chosen as the major method of 
data analysis. Five dependent or response variables (Yi) 
were selected for regression analysis: Y , total abundance 
1 
of fish; Y , total abundance of eggs; Y , abundance of 
2 3 
Anchoa mitchilli fish; Y , abundance of A. mitchilli eggs; 
4 
Y , abundance of Gobiosoma bosci fish. 
5 
The chosen measure of abundance was 
Y. = log (C 1· + 1) 1 1 0 
where Yi is abundance of fish or eggs in collection i, and 
Ci is standardized catch of collection i. 
Eight independent variables (Xi) were chosen for the 
analyses: water temperature, salinity, and dummy variables 
ii 
for the sampling locations, plume and ambient; period, and 
the seasons fall, winter, and spring (summer is the 
reference season) • 
Total calculated number of fish (all stations combined) 
was lowest in January and increased during February - March. 
Abundance remained stable through June, then increased 
sharply in July. Numbers remained stable through mid-August, 
then declined through October. 
Adjusted catch in night samples was always higher than 
daytime catches. Adjusted catch was generally highest in 
discharge canal samples. 
Bay anchovy (Anchoa mitchilli) and naked goby (Gobiosoma 
bosci) were the dominant species captured in 1976 samples. 
Naked goby were captured in concentrations reaching 21/m 3 , 
bay anchovy (fish) in concentrations reaching 2/m3 , and 
bay anchovy eggs in concentrations approaching 4/m 3 • 
Salinities during the 1976 spawning season were higher 
than normal for that area of the James River, therefore 
anadromous fishes and freshwater species spawned even farther 
upriver than usual. 
The variables, temperature and salinity, were retained in 
all regression equations as significant (P<O.OOl) predictors 
of fish and egg abundances. The relationship between 
temperature and each Y. was positive but between salinity 
~ 
and each Y., the relationship was negative. 
1 
Plume and ambient (location dummy variables) were 
retained for Y , Y , and Y where they were negatively 
1 2 4 
iii 
correlated. A significantly higher total abundance of fish, 
eggs, and A. mitchilli eggs was predicted for the discharge 
canal than for either plume or ambient river samples. No 
significant differences (P>Q.OS) between the three sampling 
locations were found for abundance of A. mitchilli fish 
(Y) and G. bosci fish (Y ). 
3 5 
Period was retained in the regression equations for 
fish abundances but not for egg abundances. Night samples 
are predicted to yield higher fish abundances than day 
samples, allowing for effects of other variables in the 
equations. 
Fall and spring were found to be highly significant 
(P<O.Ol or better) predictors of Y , Y , and Y (fish 
1 3 5 
abundances), but were not retained in Y andY (egg 
2 ~ 
abundances). Significantly higher catches of fish are 
expected in summer than in fall or spring. After removing 
the effects of other variables in the equations, no 
differences in abundance of eggs were found between seasons. 
The ichthyoplankton data set collected in and around 
the thermal plume from VEPCO Surry Nuclear Power Plant during 
1976, revealed no statistically significant thermal plume 
entrainment of the Cobham Bay ichthyofauna. Statistical 
analysis demonstrated either no significant differences in 
abundance at the three sampling sites or as in three 
instances, abundance was significantly higher in the discharge 
canal than in either the plume or ambient areas. 
iv 
Sampling variability, natural fluctuations in 
abundance (which may be one or more orders of magnitude 
from year to year) , and biological attributes of the 
ichthyofauna interact in such a way as to confound inter-
pretation of the data set. These sources of variability 
must be recognized and sorted out before entrainment 
impact upon the estuarine ecosystem can be assessed. At 
present, our data set is not sufficient to overcome these 
sources of variability. 
v 
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INTRODUCTION 
Thermal plume ichthyoplankton sampling was initiated 
at VEPCO Surry Nuclear Power Plant in August 1975 by the 
Ichthyology Department of Virginia Institute of Marine 
Science. Objectives of this study were to assess the kinds 
and amounts of ichthyoplankton being entrained from the 
waters of Cobham Bay, James River by the thermal effluent 
from the facility. 
Heated effluent from the Surry facility travels through 
the discharge canal where some cooling occurs. The canal 
is constricted at the discharge point to increase water 
velocity as it enters the river. In achieving this, 
considerable turbulence is created, promoting faster mixing, 
thus reducing the area of thermal impact to the immediate 
vicinity of the discharge point. Most ichthyoplankters are 
pelagic and unable to effectively negotiate water currents. 
As Cobham Bay water mixes with the thermal effluent, ichthyo-
fauna therein are entrained and carried along with the thermal 
plume. 
VEPCO Surry is located near the freshwater to marine 
transition zone of the James River, thus the ichthyofauna 
varies considerably as salinity fluctuates with seasonal and 
short-term weather patterns affecting the James River discharge. 
Eighty-four fish species representing 38 families have been 
reported from the vicinity of Hog Island (White, 1976); species 
reported ranged from strictly freshwater to polyhaline forms. 
2 
Many species are represented only as juvenile and adult 
life stages. As such, they are capable of negotiating the 
currents in the thermal plume and are not subject to 
entrainment. Other species utilize the area as spawning 
areas (engraulids, gobiids), nursery areas (sciaenids, 
Brevoortia), and as a migration route (Alosa, Morone, 
Anguilla). Many freshwater and several anadromous species 
spawn upriver from Hog Island; however, in years that 
salinities are depressed during spawning times, spawning 
may occur near Hog Island. Larvae and postlarvae of these 
species might then occur near VEPCO Surry and be subject 
to entrainment. 
Species lists and abundance of ichthyoplankton 
captured in and near the thermal plume from VEPCO Surry 
are presented along with ranges of salinity, dissolved 
oxygen, and temperature during sampling visits. Species 
composition, trends of abundance, statistical analyses of 
the data set (1976), and entrainment impact upon the 
ichthyofauna near Hog Island are discussed. 
Sampling visits for plant and thermal plume ichthyo-
plankton entrainment from January through December 1976 
are presented in Table 1. Sampling intensity for plume 
entrainment reflects anticipated periods of greatest 
spawning activity (April, May) and periods of critical 
water temperature elevations (~T) i.e. 1 August. 
3 
MATERIALS AND METHODS 
Thermal plume ichthyoplankton sampling employed the 
use of a 0.5 meter paired net apparatus (Figure 1) equipped 
with conical Nitex nets (505~ mesh) and General Oceanics 
Digital Flowmeters (Model 2030). Flowmeters were periodi-
cally calibrated in the VIMS flume. For towing, lead 
weights and a bridle of 0.25 inch braided nylon rope were 
added to the net apparatus. 
Sampling sites (Figure 2) were: 1) mid-channel in the 
discharge canal at the roadway bridge; 2) plume area where 
water temperatures exceed ambient water temperatures by 5 C; 
and 3) that area of Cobham Bay where ambient water tempera-
tures exist. Two tows each were made in the plume area and 
ambient river water; one tow was made in the discharge 
canal. Stepped oblique tows of 5-minute duration were made 
with bottom, midwater, and surface steps per tow. The nets 
fished at each depth for approximately 1 minute and 40 seconds. 
The boat's engine was operated at 900 RPM, except in the 
discharge canal where the boat was tied to the roadway 
bridge. 
Water temperature, dissolved oxygen, and salinity were 
taken in the discharge canal, at the end of tow 1, and at 
the end of tow 3. Data were taken at surface, midwater, 
and bottom depths except where water was less than 4 meters 
deep. For the latter, only surface and bottom data were 
obtained. Salinity samples were returned to VIMS for 
4 
analysis withanRS-7 induction salinometer. Dissolved 
oxygen samples were fixed in the field for laboratory 
analysis by the Winkler Titration Method. Water tempera-
ture was measured to the nearest degree with a stem ther-
mometer (-35 C to 50 C, 1 C interval). Sea state, weather, 
turbidity, etc. were recorded at the time of sampling. 
Sampling at low slack tide would theoretically locate 
the plume in the same relative position during sampling 
visits, except for minor deviations due to meterological 
conditions (wind, rain, etc.) that influenced river flow 
during any given sampling period. This reduced total 
sampling time and provided relatively constant water 
depths for sampling. At low slack tide, the olume generally 
flowed straight out from the discharge canal and then 
bent slightly upriver (Figure 2). 
Ichthyoplankton samples were preserved with approxi-
mately 5% formalin, and returned to VIMS for sorting, 
enumeration, and identification. Data were tabulated and 
punched on ADP cards for analysis. 
The most useful key for the identification of fish 
eggs and larvae has been a manual by Lippson and Moran 
(1974). Where identification of larvae was dependent 
upon accurate myomere counts, larvae were cleared and 
stained (Mock and Wilcox, 1974). 
5 
Site visits scheduled for November (2 visits) and 
December (2 visits) 1976 were cancelled as both Surry 
units were inoperative for re-fueling operations and 
there was no thermal plume. Correspondence with Dr. M. L. 
Brehmer of VEPCO (Appendix 1) relieved VIMS of the 
responsibility of thermal plume entrainment sampling until 
one of the units was back in operation. 
Vessels and operators for sampling stations were 
provided by VEPCO. Two VIMS project personnel were 
required to conduct each shift (day; night) of plume 
sampling. 
Statistical Methods 
Multiple regression was chosen as the method of data 
analysis for the following reasons: 
(1) complex multivariate relationships exist between 
the abundance of fish and eggs and environmental variables; 
as a descriptive tool, multiple regression can give a 
concise summary of these relationships. 
(2) field survey data are confounded by numerous 
factors since such surveys are observational in nature 
rather than controlled; multiple regression allows for 
control of some of these confounding factors by the use 
of "dummy" (categorical) variables. Each partial 
regression coefficient is computed as if the other 
6 
variables are held constant, thereby removing the con-
founding effects of other variables in the equation. 
(3) accurate prediction of the effects of environ-
mental change or modification upon living resources is 
an ultimate goal; multiple regression techniques can 
develop the best linear prediction equation and evaluate 
its accuracy. 
Five dependent or response variables (Yi) were 
selected for the analysis: Y , total abundance of fish; 
1 
Y , total abundance of eggs; Y , abundance of Anchoa 
2 3 
mitchilli fish; Y , abundance of Anchoa mitchilli eggs; 
It 
Y , abundance of Gobiosoma bosci fish. Stepwise regression 
5 
techniques (Draper and Smith, 1966) were used to develop 
the "best" regression equation for each Yi in the 
following manner: 
(1) abundance was plotted versus environmental 
(independent) variables and the data were linearized 
(transformed) where necessary; 
(2) matrices of simple correlation coefficients of 
dependent and independent variables and selected trans-
formations were computed; 
(3) using the multiple regression model 
+ . 
where Yi is abundance and Xi is some function of one of 
the selected environmental variables, a stepwise regression 
J 
7 
was performed to identify those parameters which account 
for the attributable variations in the model; and 
(4) for each final regression equation residuals 
were analyzed to detect possible violations of the basic 
regression assumptions that the errors were independent, 
had zero mean and constant variance, and followed a 
normal distribution. 
The chosen measure of abundance was 
Y. = log (C. + 1) ' l. 1 0 l. 
where Y. 
l. 
is abundance of fish or eggs in collection i, and 
c. is standardized catch of collection i (i.e., number of 
l. 
fish or eggs captured per 100 cubic meters of water strained 
per collection, left and right nets combined). Logarithms 
of catch were in general more highly correlated with the Xi 
than catch (untransformed). Variation between nets, which 
was not considered significant, was removed by using their 
sum. 
Eight independent variables (X.) were chosen for the 
l. 
analyses: water temperature, salinity, and dummy variables 
for the sampling locations, plume and ambient; period, and 
the seasons fall, winter and spring. Notation and defini-
tion of these variables is given in Table 2. 
Preliminary computations were made using SAS·76 (Barr, 
et al., 1976); final equations were developed with SPSS 6.0 
(Nie, et al., 1975). Independent variables were retained 
in the equations if their partial regression coefficients 
8 
(b.) could be declared significantly different from zero 
1 
at P<O.lO (H
0
:bi = 0; H
1 
:bi # 0). 
Fall was represented only by October data because 
the power plant was shut down for refueling in November 
and December 1976. Regression equations for Y , Y and 
3 ~ 
Y (anchovy and goby abundances) were based on data from 
5 
Mayfurough October 1976. 
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RESULTS AND DISCUSSION 
Seasonal trends in species occurrence and abundance 
Total calculated number of fish (all stations combined) 
was lowest in January and increased during February - March 
(Table 3; Figure 3). Abundance remained stable through 
June, then increased sharply in July. Numbers remained 
stable through mid-August, then declined through October. 
Adjusted catches in night samples were always higher 
than daytime catches, sometimes exceeding daytime catches 
by tenfold (Table 3). 
Average adjusted catch of fish per sample (total 
adjusted catch per site, each site visit divided by the 
total number of samples at that site) was generally highest 
in the discharge canal during 1976 (Table 4). Average 
catch in the plume and ambient river water revealed no 
trends of abundance, although catches were slightly higher 
in the plume when ambient river water was cool. Highest 
average catches occurred from June-early September. 
Number of species (day and night combined) increased 
from January (lowest) through late winter and spring 
(Table 5; Figure 4). Numbers of species fluctuated from 
April-early July although overall species count was high. 
In late July, species declined to two-thirds of summer 
levels and remained stable through October. Highest 
species count (12) was recorded on June 16. 
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Species numbers were generally higher in nighttime 
samples, especially during the cooler months (Table 5; 
Figure 4). During warmer months, night and day totals 
were similar. 
Plume samples generally contained the highest number 
of species and there were usually one or more species 
present that were not captured in the discharge canal 
(Table 6). Theoretically, if entrainment was occurring, 
the plume would contain a combination of discharge canal 
and ambient river water faunas. However, many of these 
species were not captured in ambient river water either, 
indicating a great deal of variability attributable to 
sampling biases or species behavior in or around the warm 
water plume. Some limited entrainment is evidently occurring 
but magnitude and population impacts are difficult to assess. 
Bay anchovy (Anchoa mitchilli) and naked goby (Gobiosoma 
bosci) were the dominant species captured in 1976 samples 
(Tables 7 and 8). Goby were captured from mid-April to 
September, usually as larvae and postlarvae. Bay anchovy 
eggs, larvae, and postlarvae were abundant from late spring-
early fall. Juveniles and adults were taken all year, but 
were captured in higher numbers during winter and early 
spring. Naked goby were the most abundant fish captured 
with concentrations reaching 21/m 3 during August; however, 
concentrations generally ranged from l/m3 to 7/m 3 during 
summer months. Larval bay anchovy concentrations peaked 
11 
during late July (2/m 3 ) and were generally caught in 
concentrations of l/m 3 or less. Bay anchovy eggs were 
taken from May through July in concentrations approaching 
4/m 3 • 
Two sciaenids, Atlantic croaker (Micropogon undulatus) 
and spot (Leiostomus xanthurus) were seasonally abundant 
(Tables 7 and 8). Spot were captured during the spring 
months in concentrations less than l/m 3 • Croaker were 
captured in late winter-spring and again during fall. Two 
size modes in the spring catches of croaker indicated a late 
winter spawning. 
Sciaenids are hatched offshore and thereafter migrate 
into Atlantic coast estuaries which serve as nursery areas 
for postlarvae and juveniles. The area encompassing Hog 
Point is near the center of the James River nursery area. 
Once in the nursery area, they re-distribute in search of 
food, etc. Juvenile croaker have been found to occupy almost 
the entire saline portion of the estuary with smallest fish 
being found in the lowest salinities (Haven, 1957; Markle, 
1976) and they remain in the estuary for nearly a year 
before migrating back to sea (Chao, 1976). As these fish 
re-distribute, they are repeatedly subject to entrainment 
by the heated water plume until they reach a size that they 
can effectively overcome the turbulence created in the 
mixing zone. 
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Atlantic menhaden (Brevoortia tyrannus) were common 
occurrences in late winter-early spring as they enter the 
estuarine nursery areas as postlarvae (Tables 7 and 8). 
Striped bass (Morone saxatilis) and white perch 
(Morone americana) were captured during early spring-summer 
(Tables 7 and 8). Larvae and juveniles of striped bass 
were captured; only larvae of white perch were taken. 
Atlantic silverside (Menidia menidia), Tidewater 
silverside (Menidia beryllina) and rough silverside (Membras 
martinica) were captured throughout the year (Tables 7 and 
8). Eggs, larvae, and juveniles were sometimes numerous 
during spring and summer; low numbers of juveniles and 
adults were captured in fall and winter. 
Other species were occasionally taken but usually in 
low numbers. 
Hydrographic Data 
Salinity, water temperature, and dissolved oxygen 
data from 1976 plume entrainment samples are shown in 
Tables 9, 10, and 11. Salinity and water temperature are 
graphically depicted in Figures 5 and 6. 
Salinities (Table 9; Figure 5) during the 1976 spawning 
season (April-August) were higher than normal for that 
area of the James River. Extended periods of low rainfall 
were assumed to be the cause. Accordingly, few eggs and 
larvae of freshwater species were captured and higher numbers 
of euryhaline halophilic species were encountered. 
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Differences in water temperature between the plume area 
and ambient river water (Table 10; Figure 6) were sometimes 
small. Hydrologic data for the plume area are taken at the 
end of tow #1, the most distant point from the discharge 
canal groin, thus some mixing has occurred at this point. 
At times the plume moves out from the discharge canal 
groin and "dives," making exact location of the plume 
difficult from the surface. Water temperatures greater 
than 30 C were only encountered in the late summer months. 
Dissolved oxygen in the discharge canal and plume 
areas (Table 11) did not appear adversely affected by the 
high water temperatures. Presumably turbulence at the 
point of discharge and turbulence created in the mixing 
zone prevented dissolved oxygen concentrations from dipping 
below 4 ppm. 
Statistical Results 
Preliminary analysis included an examination of simple 
correlation matrices for potential regression variables in 
original and log-transformed scale. Correlations were 
generally higher between log-transformed dependent variables 
(Y.) and independent variables (X.) in their original 
1 1 
(untransformed) form. Table 12 presents simple correlation 
coefficients (r) between dependent and independent 
variables. Although many values were declared significant 
(P<O.OS) most correlations were not high (maximum r = 0.620). 
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Temperature had a significant positive correlation 
with all five measures of abundance and, in all cases 
except one, was more highly correlated with the Yi than 
were the other independent variables. 
Salinity had a significant positive correlation with 
Y (total fish) and Y (anchovy fish) and a significant 
1 3 
negative correlation withY (anchovy eggs). The simple 
~ 
correlations between salinity and Y (total eggs) and Y 
2 5 
(naked goby fish) were not found to be significant (P>O.OS). 
The location dummy varia.ble plume was not significantly 
correlated with any of the five abundance measures. The 
location variable ambient, however, had a significant 
negative correlation with Y (total fish), Y (total eggs) 
1 2 
andY (anchovy eggs). 
~ 
Period was significantly correlated with Y , Y and 
1 3 
Y (fish abundances) but not with Y and Y (egg abundances), 
5 2 ~ 
the relationship being positive with fish abundances. 
Fall had a significant negative correlation with all 
Yi (measures of abundance) except Y
2 
(total eggs) where r 
was not significant. Winter had a significant negative 
correlation withY (total fish) andY (total eggs). 
1 2 
Spring was negatively correlated with Y (anchovy fish) and 
3 
positively correlated with Y (total eggs) and Y (anchovy 
2 ~ 
fish) . 
Each final regression equation is discussed separately, 
then overall patterns are summarized in the following pages. 
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Table 13 presents descriptive statistics of the dependent 
and independent variables. 
1. Total Abundance of Fish (Y ): 
1 
All eight independent variables were retained in the 
final regression equation as significant predictors of 
total abundance of fish (Table 14). The significant equa-
tion (P<O.OOl) explained two-thirds of the total variation 
in Y ( R 2 = 0 . 6 6 7 ) . 
1 
Temperature and period had positive partial regression 
coefficients (bi's); i.e., their partial correlations with 
Y were positive. The equation predicts an increasing total 
1 
abundance of fish with increasing temperature and period, 
holding the other variables constant. 
The remaining variables had negative bi's. Although 
salinity had a positive simple correlation with Y (total 
1 
fish abundance)(Table 12), the partial correlation 
(allowing for other variables in the equation) was negative. 
Plume and ambient had negative partial correlations with Y : 
1 
total abundance of fish was found to be significantly 
higher (P<O.OS) in the discharge canal than in either the 
plume or ambient river samples. Fall, winter and spring had 
a significantly lower total abundance of fish than summer. 
2. Total Abundance of Eggs (Y ) : 
2 
The final regression equation for Y retained tempera-
2 
ture, salinity, plume, and ambient (Table 14). Although the 
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final equation for Y was significant (P<O.OOl), only one-
2 
third of the variation in Y was explained by the regression 
2 
(R2 = 0.319). Since the primary objective of the regression 
analyses was to assess the effects of the independent 
variables and not to predict abundance, a low R2 does not 
hinder the analyses. 
The partial regression coefficient for temperature 
was positive; Y increases as tem~erature increases, all 
- 2 
else being held constant. Salinity, plume and ambient had 
negative bi's. As these variables increase, the equation 
predicts total abundance of eggs will decrease. 
3. Abundance of Anchoa mitchilli fish (Y ): 
3 
All independent variables except plume and ambient were 
retained in the final equation for Y (Table 14). The signi-
3 
ficant equation (P<O.OOl) explained almost two-thirds of the 
variation in abundance of A. mitchilli fish (R 2 = 0.625). 
Temperature and period had positive partial correlations 
with Y ; but salinity, fall and spring had negative partial 
3 
correlations. No significant differences between the three 
sampling locations (after accounting for the effects of the 
other variables in the equation) were evident for Y since 
3 
plume and ambient were not included in the final equation. 
4. Abundance of Anchoa mitchilli eggs (Y ): 
~ 
Almost one-half (R 2 = 0.474) of the variation in Y 
~ 
was explained by the significant regression (P<O.OOl) 
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of Y on temperature, salinity, plume and ambient (Table 14). 
~ 
Period, fall and spring were not included in the regression 
equation. The partial regression coefficient for tempera-
ture was positive; salinity, plume and ambient had negative 
5. Abundance of Gobiosoma bosci fish (Y ): 
5 
The regression of Y on all x. except plume explained 
5 1 
two-thirds (R 2 = 0.665) of the variation of Y and was 
5 
significant at P<O.OOl (Table 14). 
The relationship between Y and temperature and period 
5 
was positive; it was negative between Y and salinity, fall 
5 
and spring. Plume was not retained and ambient was just 
retained at P<O.lO. Therefore, no significant differences 
in Y between the three sampling locations were apparent. 
5 
Statistical Summary 
Temperature was retained in all five regression 
equations as a significant (P<O.OOl) predictor of fish and 
egg abundances with a positive relationship between 
temperature and each Yi (measure of abundance). Salinity 
was also retained in all regression equations but the partial 
correlation between salinity and the Yi's was negative. 
Holding other variables constant, abundance of fish and 
eggs will increase as temperature increases and will 
decrease as salinity increases. 
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Plume and ambient were retained in the equations for 
Y (total fish), Y (total eggs) and Y (anchovy eggs) 
1 2 4 
where they were negatively correlated with these abundance 
measures. A significantly higher total abundance of fish, 
eggs, and A. mitchilli eggs was predicted for the discharge 
canal than for either plume or ambient river samples. No 
significant differences (P>O.OS) between the three sampling 
locations were found for abundance of A. mitchilli fish 
and G. bosci fish. 
Period was retained in the regression equations for 
fish abundances [Y (total), Y (anchovy) andY (goby)] 
1 3 5 
but was not retained in equations for egg abundance 
[Y (total) andY (anchovy)]. Night samples are predicted 
2 4 
to yield higher fish abundances than day samples, allowing 
for effects of other variables in the equations. 
Fall and spring were found to be highly significant 
(P<O.Ol or better) predictors of Y , Y andY (fish 
1 3 5 
abundances), but were not retained in Y andY (egg 
2 4 
abundances). Significantly higher catches of fish are 
expected in summer than in fall or spring. After removing 
the effects of other variables in the equations, no differ-
ences in abundance of eggs were found between seasons. 
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CONCLUSIONS 
The ichthyoplankton data set collected in and around 
the thermal plume from VEPCO Surry Nuclear Power Station 
during 1976, revealed no statistically significant thermal 
plume entrainment of the Cobham Bay ichthyofauna. 
Statistical analysis demonstrated either no significant 
differences in abundance at the three sampling sites or 
as in three instances, abundance was significantly higher 
in the discharge canal than in either the plume or ambient 
areas. Some entrainment is probably occurring, shown by 
species capture (Table 6); however, high species 
variability between sampling sites is also evident. One 
would expect the plume area to contain a combination of 
the discharge canal and ambient river faunas, i.e., more 
species. At Surry, during 1976, greater numbers of species 
(Table 6) were usually captured in the plume; but often, 
the plume species list was not a combination of discharge 
canal and ambient river water faunas. This high species 
variability between sites limits ichthyoplankton entrain-
ment assessment by species occurrence and abundance. 
Sampling variability, natural fluctuations in abundance 
(which may be one or more orders of magnitude from year to 
year), and biological attributes of the ichthyofauna 
interact in such a way as to confound interpretation of the 
data set. These sources of variability must be recognized 
and sorted out before entrainment impact upon the estuarine 
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ecosystem can be assessed. At present, our data set is not 
sufficient to overcome these sources of variability. 
Commercially important species (i.e.
1 
striped bass, 
white perch, Atlantic croaker, spot) were captured in 
relatively low numbers (<l/m3 ) as each species entered the 
Cobham Bay area. Striped bass and white perch spawn 
upriver from Cobham Bay during early spring. After hatching 
some larvae, postlarvae, and juveniles are carried downriver 
to the Cobham Bay area. Croaker an~ spot postlarvae and 
juveniles utilized the area a~ nursery grounds. Sciaenids 
re-distribute and utilize the area for almost a year 
(Haven, 1957; Markle, 1976; Chao, 1976); thus they are 
exposed to potential entrainment with each tidal oscillation 
until they reach a size that they can effectively negotiate 
currents incurred in the mixing zone. However, with no 
population estimates, it is unrealistic to project entrainment 
impact. 
Naked goby and bay anchovy, two important prey species, 
were relatively abundant (with regard to other species 
captured) during spring and summer (Tables 7 and 8). 
However, the section of the James River encompassing Hog 
Point is the transition zone from saline to freshwater 
and salinities fluctuate with seasonal and short-term 
weather conditions. It is unlikely that the centers of 
abundance of these species are located near VEPCO Surry. 
The greatest concentrations of bay anchovy ann naked goby 
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are located farther downriver, though concentrations near 
VEPCO would fluctuate with salinity patterns. 
Adult bay anchovy populations at times undergo large 
fluctuations in abundance from year to year. However, data 
from VIMS trawl surveys in the James River (Hoagrnan and 
Kriete, 1975) and VEPCO data (White, 1976) indicate rela-
tively stable adult bay anchovy populations from 1970-1976. 
Therefore, it is unlikely that the thermal plume from VEPCO 
Surry has exerted a significant deleterious effect upon the 
adult bay anchovy populations within the James River. 
Naked goby are rarely captured in trawl or seine 
surveys. Realistic population estimates or even reliable 
relative abundance estimates are not available. Therefore, 
effects of the thermal plume upon the resident naked goby 
populations near the discharge point are indeterminable at 
this time. 
Concentrations of fish reported herein are representa-
tive of only that portion of the ichthyofauna population 
in or near Cobham Bay, James River, Virginia. 
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Figure 1. 0.5 paired net apparatus with rope bridle and lead weight, 
FRONT VIEW TOP VIEW 
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Figure 2. James River in vicinity of Surry Nuclear Power Station 
showing plume entrainment sampling locations . 
NORTH 
• TOWER 6 
/,.- ------------ ...... -- ....... 
I I --- .... 
I 
\ 
\ 2 ---
' .... -
........._. ______ , 
SCALE 
0 1000 FT 
I 
I 
I 
I 
I 
I 
ROADWAY BRIDGE p 
SURRY NUCLEAR CJ 
POWER PLANT 
c----=-:: 
INTAKE CANAL 
~ 
0 
a:: 
w 
CD 
~ 
::::> 
z 
1000 
100 
10 
~DAY 
D NIGHT 
en en 
L£J L£J 
...J ...J 
ll.. ll.. 
~ ~ 
<I <I 
en en 
0 0 
z z 
6 4 3 5-4 23-~ 6 14 19-20 13 11 21 2a 12 26 12-11 16-a 24 31 24-23 29-30 7-6 
'-r.J '-r.J "-' --..,----'' -------- '"----..,----''--.r-J '---v----' '----------~ '--.r-J '-y-J '-y-J 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT. NOV DEC 
Figure 3. Calculated number of fish per 100m 3 captured at VEPCO 
Surry Nuclear Power Plant during plume entrainment 
stations in 1976. 
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Figure 4. Number of species captured at VEPCO Surry Nuclear 
Power Plant during plume entrainment stations in 
1976. 
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Figure 5. Ranges of salinity (PPT) in ambient river 
water at VEPCO Surry Nuclear Power Plant 
during plume entrainment stations in 1976. 
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ambient river water at VEPCO Surry Nuclear Power Plant 
during plume entrainment stations in 1976. 
Table 1. Ichthyoplankton sampling schedule for plant and plume entrainment studies at VEPCO Surry Nuclear Power Plant 
(January through December 1976)· 
Study Jan. Feb. Mar. Apr. May June 
Plant Entrainment X X XX xxxx xxxx XX 
Plume Entrainment X X XX xxxx xxxx XX 
*Units 1 and 2 not in operation, no plume samples taken. 
July Aug. Sept. 
X X X 
XX xxxx XX 
Oct. Nov. 
X X* 
X XX* 
Dec. 
X* 
XX* 
w 
0 
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Table 2. Independent variables (Xi) for stepwise multiple regressions. 
X
1 
Water tempem ture, C 
x2 Salinity, ppt 
x3,x4 Location dummy variables: 
Location XJa Plume = X4, Ambient = 
Discharge Canal 0 0 
Plume 1 0 
Ambient River 0 1 
xs Period dummy variable: 0 = day (5.0 to 16.9 h EST) 
1 = night (17.0 to 4.9 h EST) 
x6,x7,x8 Season dummy variables: 
Season XQI Fall = X7a Winter = Xa, Spring = 
SUillller (July,Aug.,Sept.) 0 0 0 
Fall (Oct., Nov., Dec. ) 1 0 0 
Winter (Jan. ,Feb. ,Mar. ) 0 1 0 
Spring (Apr. , May, June) 0 0 1 
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Table 3. Calculated number of fish and fish eggs per 100m3 
captured in plume entrainment samples at VEPCO 
Surry Nuclear Power Plant from January through 
December 1976. 
Discharge Tow #1 Tow #3 
Date . Canal Tow #2 Tow #4 Total 
1976 Larvae Eggs Larvae Eggs Larvae Es~s Larvae Eggs 
6 Jan. (D) 4 0 0 0 0 0 4 0 
3 Feb. {N) 9 0 6 0 16 0 31 0 
4 Feb. {D) 3 0 0 0 2 0 5 0 
1 Mar. (D) 138 0 13 0 2 0 153 0 
1 Mar. (N) 112 0 31 0 34 0 177 0 
4 Mar. {N) 110 0 34 0 21 0 165 0 
5 Mar. {D) 65 0 11 0 0 0 76 0 
23 Mar (D) 44* 0* 5 0 7 0 56* 0* 
24 Mar {N) 48 0 101 0 119* 0* 268* 0* 
1 Apr. {D) 43 0 54 6 10 0 107 6 
1 Apr. {N) 50 0 57 0 32 0 139 0 
6 Apr. {D) 9 3 13 0 6 0 28 3 
6 Apr. {N) 106 0 101 0 50 0 257 0 
14 Apr. (D) 3 0 2 2 9 0 14 2 
14 Apr. (N) 15 0 48 0 18 0 81 0 
19 Apr. {D) 11 3 11 2 5 0 27 5 
20 Apr. {N) 12 0 58 0 124 0 194 0 
5 May {D) 11 5 12* 0* 3 0 26* 5* 
6 May {N) 28 0 105 2 16 0 149 2 
13 May {D) 0 42 30 15 19 0 49 57 
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Table 3. (continued) 
Discharge Tow #1 Tow #3 
Canal Tow #2 Tow #4 Total 
1976 Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs 
13 May (N) 
17 May (D) 
17 t-iay (N) 
27 May (D) 
27 May (N) 
16 June (D) 
16 June (N) 
28 June (D) 
28 June (N) 
12 July (D) 
12 July (N) 
26 July (D) 
26 July (N) 
9 Aug. (D) 
11 Aug. (N) 
12 Aug. (D) 
16 Aug. (D) 
17 Aug. (N) 
24 Aug. (D) 
24 Aug. (N) 
31 Aug. (N) 
31 Aug. (D) 
9 Sept. (N) 
59 61 
0 102 
11 380 
0 213 
11 22 
416 529 
317 411 
842 78 
2523 18 
481 714 
562 259 
438 18 
951 16 
357 17 
4414 53 
707 53 
57 29 
354 9 
130 3 
131 4 
422 0 
15 0 
593 7 
19 4 32 0 
24 147 9 0 
70 25 32 12 
15 246 32 0 
17 42 20 0 
236* 470* 952 54 
1228 454 925 272 
496 19 73 0 
1280 0 806 4 
962 337 721 38 
2266 237 1818 49 
495 11 451 0 
1706 25 1259 3 
395 16 500 7 
1248* 10* 996 0 
210 40 133 0 
54 19 35 0 
449 0 925 0 
61 0 21 10 
163 6 615 2 
656 0 680 0 
54 0 0 0 
318 0 149 0 
110 65 
33 249 
113 417 
47 459 
48 64 
1604*1053* 
2470 1137 
1411 97 
4609 22 
2164 1089 
4646 545 
1384 29 
3916 44 
1252 40 
6658* 63* 
1050 93 
146 48 
1728 
212 
909 
1758 
69 
1060 
9 
13 
12 
0 
0 
7 
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Table 3. (continued) 
Discharge Tow #1 Tow #3 
Canal Tow #2 Tow #4 Total 
1976 Larvae Esg:s Larvae Eg:g:s Larvae Eg:g:s Larvae Eg:g:s 
23 Sept. (N) 8 0 111 0 155 0 274 0 
24 Sept. (D) 62 0 14 0 0 0 76 0 
27 Sept. (D) 12 0 0 0 5 0 17 0 
29 Sept. (D) 0 0 0 0 4 0 4 0 
30 Sept. (N) 67 0 60 0 102 0 229 0 
6 Oct. (N) 12 0 18 0 0 0 30 0 
7 Oct. (D) 0 0 10 0 3 0 13 0 
November - No Samples 
December - No Samples 
* = Sample spilled or jar broken 
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Table 4. Average number (per 100m3) of fish and eggs per 
sample captured in plume entrainment samples at 
VEPCO Surry Nuclear Power Plant from January 
through December 1976. 
DISCHARGE CANAL PLUME AMBIENT RIVER 
DATE Larvae Eggs Larvae Eggs Larvae Esgs 
6 Jan. (D) 2 0 0 0 0 0 
3 Feb. (N) 4 0 2 0 4 0 
4 Feb. (D) 2 0 0 0 ~1 0 
1 Mar. (D) 69 0 3 0 <1 0 
1 Mar. (N) 56 0 8 0 8 0 
4 Mar. (N) 55 0 8 0 5 0 
5 Mar. (D) 32 0 3 0 0 0 
23 Mar. (D) 44 0 1 0 2 0 
24 Mar. (N) 24 0 25 0 40 0 
1 Apr. (D) 22 0 14 2 2 0 
1 Apr. (N) 25 0 14 0 8 0 
6 Apr. (D) 4 2 3 0 2 0 
6 Apr. (N) 53 0 25 0 12 0 
14 Apr. (D) 2 0 <1 <1 2 0 
14 Apr. (N) 8 0 12 0 4 0 
19 Apr. (D) 6 2 3 1 1 0 
20 Apr. (N) 6 0 14 0 31 0 
5 May (D) 6 2 4 0 1 0 
6 May (N) 14 0 26 <1 4 0 
13 May (D) 0 21 8 4 5 0 
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Table 4. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER 
DATE Larvae Eggs Larvae Eggs Larvae Eggs 
13 May (N) 30 30 5 1 8 0 
17 May (D) 0 51 6 37 2 0 
17 May (N) 6 190 18 6 8 3 
27 May (D) 0 106 4 62 8 0 
27 May (N) 6 11 4 10 5 0 
16 June (D) 208 264 79 157 238 14 
16 June (N) 158 206 307 114 231 68 
28 June (D) 421 39 124 5 18 0 
28 June (N) 1262 9 320 0 202 1 
2 July (D) 240 357 240 84 180 10 
2 July (N) 281 130 566 59 454 12 
26 July (D) 219 9 124 3 113 0 
26 July (N) 476 8 426 6 315 1 
9 Aug. (D) 178 8 99 4 125 2 
11 Aug. (N) 2207 26 416 3 249 0 
12 Aug. (D) 354 26 52 10 33 0 
16 Aug. (D) 28 14 14 5 9 0 
17 Aug. (N) 177 4 112 0 231 0 
24 Aug. (D) 65 2 15 0 5 2 
24 Aug. (N) 66 2 41 2 154 <1 
31 Aug. (N) 211 0 164 0 170 0 
31 Aug. (D) 8 0 14 0 0 0 
9 Sept. (N) 296 4 80 0 37 0 
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Table 4. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER 
DATE Larvae Eggs Larvae Eggs Larvae Eggs 
23 Sept. (N) 4 0 28 0 39 0 
24 Sept. (D) 31 0 4 0 0 0 
27 Sept. (D) 6 0 0 0 1 0 
29 Sept. (D) 0 0 0 0 1 0 
30 Sept. (N) 34 0 15 0 26 0 
6 Oct. (N) 6 0 4 0 0 0 
7 Oct. (D) 0 0 2 0 1 0 
November - No Sampling 
December - No Sampling 
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Table 5. Number of species captured in plume entrainment 
samples at VEPCO Surry Nuclear Power Plant from 
January through December 1976 
Date Day Night Combined 
1976 
6 Jan. 1 1 
3- 4 Feb. 2 4 5 
1 Mar. 4 6 7 
4- 5 Mar. 2 4 4 
23-24 Mar. 4 8 8 
1 Apr. 8 6 8 
6 Apr. 6 7 10 
14 Apr. 3 8 10 
19-20 Apr. 4 6 8 
5- 6 May 4 7 8 
13 May 5 9 10 
17 May 7 7 11 
27 May 5 5 6 
16 June 5 10 12 
28 June 6 6 8 
12 July 5 9 10 
26 July 6 7 8 
9 Aug. 5 5 
11-12 Aug. 4 5 5 
16-17 Aug. 5 5 6 
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Table 5. (Continued) 
Date Day Night Combined 
24 Aug. 5 4 6 
31 Aug. 3 8 8 
9 Sept. 6 6 
23-24 Sept. 3 7 7 
27 Sept. 2 2 
29-30 Sept. 2 6 6 
6- 7 Oct. 3 5 6 
November - No Samples 
December - No Samples 
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Table 6. Number of species captured in plume entrainment 
samples at VEPCO Surry Nuclear Power Plant from 
January, 1976 through December, 1976 (D = Day; 
N = Night). 
Number of SEecies 
Date Discharge Canal Plume Ambient 
1976 b 6 Jan. (D) 1 O(O)a 0 
3 Feb. (N) 2 2(1) 3(0)c 
4 Feb. (D) 1 0 ( 0) 1(0) 
1 Mar. (D) 2 2 ( 1) 1(0) 
1 Mar. (N) 3 5 ( 3) 3 ( 1) 
4 Mar. (N) 3 3 ( 1) 3 ( 1) 
5 Mar. (D) 1 2 ( 1) 0 ( 0) 
23 Mar. (D) 3 2 ( 1) 2 ( 0) 
24 Mar. (N) 4 6(2) 7(2) 
1 Apr. (D) 3 8 ( 5) 1(0) 
1 Apr. (N) 4 4 ( 1) 4(0) 
6 Apr. (D) 3 5(3) 2(0) 
6 Apr. (N) 6 6(1) 4(0) 
14 Apr. (D) 1 2 ( 2) 1(1) 
14 Apr. (N) 3 8 ( 5) 5 ( 3) 
19 Apr. (D) 2 4(2) 1(1) 
20 Apr. (N) 4 5(2) 4(1) 
5 May (D) 3 3(2)d 1(1) 
6 May (N) 4 8 ( 4) 3(1) 
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Table 6. (continued) 
Number of SEec1.es 
Date Discharge Canal Plume Ambient 
13 May (D) 1 5(4) 2(2) 
13 May (N) 5 4 ( 2) 8(2) 
17 May (D) 1 5(4) 4(2) 
17 May (N) 5 7 ( 3) 4 ( 0) 
27 May (D) 1 4 ( 3) 3(2) 
27 May (N) 2 5(3) 3 ( 1) 
16 June (D) 2 4(2)d 5(1) 
16 June (N) 5 7 ( 3) 8 ( 0) 
28 June (D) 5 4 ( 1) 3(0) 
28 June (N) 5 4(1) 6(0) 
12 July (D) 3 5(2) 5 ( 1) 
12 July (N) 5 7 ( 3) 8(2) 
26 July (D) 4 6(2) 5(1) 
26 July (N) 4 7 ( 3) 6(2) 
9 Aug. (N) 3 6 ( 3) 4 ( 1) 
11 Aug. (N) 5 5(l)d 4 ( 1) 
12 Aug. (D) 4 5(1) 4 ( 0) 
16 Aug. (D) 4 4 ( 1) 3 ( 1) 
17 Aug. (N) 4 4 ( 1) 4 ( 0) 
24 Aug. (D) 3 5(3) 4 ( 1) 
24 Aug. (N) 3 5(2) 4 ( 1) 
31 Aug. (N) 4 7 ( 4) 5(3) 
31 Aug. (D) 3 2 ( 0) 0 (0) 
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Table 6. (continued) 
Number of s;eec1.es 
Date Discharge Canal Plume Ambient 
9 Sept. (N) 5 6 ( 2) 4 (1) 
23 Sept. (N) 1 5(4) 6(3) 
24 Sept. (D) 2 3(1) 0(0) 
27 Sept. (D) 2 0(0) 1(0) 
29 Sept. (D) 0 0 ( 0) 2(0) 
30 Sept. (N) 3 5(2) 5(1) 
6 Oct. (N) 4 2(1) 0(0) 
7 Oct. (D) 0 3 ( 3) 1(1) 
November - No Samples 
December - No Samples 
a = Number of species captured in plume but not in 
discharge canal. Shown in parentheses. 
b = Station not completed. 
c = Number'of species captured both in plume and ambient 
but not in discharge canal. Shown in parentheses. 
d = Sample from one net spilled or broken. 
Table 7. Species and number of individuals captured in plume entrainment 
Surry Nuclear Power Plant from January through December 1976. 
samples at VEPCO 
Discharge 
Tow 2 Tow 3 Tow 4 Species Date Canal Tow 1 
Left Right Left Right Left Right Left Right Left Right 
Alosa aestivalis 6 Jan. 1 1130 hr 
Alosa aestivalis 3 Feb. 2 1 1 Anguilla rostrata 2225 hr 1 1 3 Ictalurus punctatus 1 Notropis hudsonius 2 
Alosa aestivalis 4 Feb. 1 
Menidia beryllina 1040 hr 1 
Alosa aestivalis 1 Mar. 1 
Anchoa mitchil1i 0830 hr 15 23 1 3 ~ Etheostoma olmstedi 1 w 
Micropogon undulatus 1 
Alosa aestiva1is 1 Mar. 1 2 
Anchoa mitchilli 2035 hr 8 11 1 1 3 3 3 3 1 Anguilla rostrata 1 3 1 1 1 1 3 Brevoortia tyrannus 1 
Icta1urus punctatus 1 
Micropogon undu1atus 6 4 1 2 
Anchoa mitchilli 4 Mar. 12 20 3 2 2 4 3 3 Anguilla rostrata 2210 hr 1 2 Brevoortia tyrannus 1 
Micropogon undulatus 1 1 1 2 1 
Anchoa mitchilli 5 Mar. 9 9 2 1 1 
Anguilla rostrata 1055 hr 1 1 
Table 7. {Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 23 Mar. 1 * 1 
Anguilla rostrata 1525 hr 1 
Brevoortia tyrannus 2 1 
Leiostomus xanthurus 1 1 
Anchoa mitchilli 24 Mar. 2 2 1 
Anguilla rostrata 0325 hr 1 1 
Brevoortia tyrannus 1 2 3 3 1 
Leiostomus xanthurus 4 2 7 5 2 7 1 3 5 
Micropogon undulatus 6 2 1 1 1 ** 2 1 
Notropis hudsonius 1 
Paralichthys dentatus 1 1 
Trinectes maculatus 1 ~ ~ 
Alosa sapidissima eggs 1 Apr. 2 
Anchoa mitchilli 0922 hr 1 1 
Anguilla rostrata 1 
Brevoortia tyrannus 4 4 1 2 2 3 1 1 
Ictalurus punctatus 1 
Leiostomus xanthurus 1 1 1 2 
Micropogon undulatus 2 1 1 
Trinectes maculatus 3 3 
Anchoa mitchilli 1 Apr. 1 
Anguilla rostrata 2111 hr 1 
Brevoortia tyrannus 1 1 3 2 5 4 3 2 1 1 
Leiostomus xanthurus 1 4 1 1 2 
Micropogon undulatus 5 6 2 3 
Trinectes maculatus 1 1 1 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
· Brevoortia tyrannus 6 Apr. 2 1 1 
Dorosoma petenense 1251 hr 1 
Menidia beryllina eggs 1 
Micropogon undulatus 1 
Morone americana 1 1 2 
Unidentified 2 
Anchoa mitchilli 6 Apr. 2 1 1 1 
Anguilla rostrata 2355 hr 1 2 
Brevoortia tyrannus 7 7 2 3 3 4 3 2 5 3 
Leiostomus xanthurus 4 1 6 2 5 4 1 2 2 
Micropogon undulatus 7 7 3 3 8 2 3 
Morone americana 2 1 ~ l.TI 
Mugil cephalus 1 
Alosa sapidissima eggs 14 Apr. 1 
Brevoortia tyrannus 0749 hr 1 
Morone americana 1 1 2 1 
Anchoa mitchilli 14 Apr. 1 1 3 2 1 
Anguilla rostrata 1929 hr 1 1 1 
Brevoortia tyrannus 2 2 3 1 1 1 
Ictalurus punctatus 1 1 
Leiostomus xanthurus 2 2 1 1 
Menidia beryllina 1 1 
Micropogon undulatus 1 1 
Trinectes maculatus 1 
Brevoortia tyrannus 19 Apr. 3 1 2 
Gobiosoma bosci 1135 hr 1 1 2 
Menidia beryllina 1 
Unidentified eggs 1 1 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 20 Apr. 1 3 2 2 5 8 
Brevoortia tyrannus 0003 hr 1 1 4 3 5 8 8 3 
Dorosoma petenense 1 
Leiostomus xanthurus 1 1 1 1 2 
Menidia beryllina 1 
Micropogon undulatus 1 2 2 3 1 
MBRt 1 1 
Anchoa mitchilli 5 May 3 2 *** 
Anchoa mitchil1i eggs 1203 hr 2 
Brevoortia tyrannus 1 
Dorosoma petenense 4 1 
Gobiosoma bosci 1 ~ 
"' 
Anchoa mitchilli 6 Hay 3 2 1 3 5 3 1 1 
Anchoa mitchilli eggs 0000 hr 1 
Anguilla rostrata 1 1 
Brevoortia tyrannus 3 5 4 4 16 11 1 3 
Dorosoma petenense 1 1 3 1 1 
Ictalurus punctatus 1 
Leiostomus xanthurus 2 
Micropogon undulatus 1 1 3 1 
Anchoa mitchilli eggs 13 May 8 3 4 4 
Brevoortia tyrannus 0723 hi. 1 
Dorosoma petenense 2 1 1 2 2 
Gobiosoma bosci 5 3 2 4 1 
Membras martinica 1 
Table 7. (Continued) 
Discharge 
Species Date Canal 'I' ow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 13 May 3 2 1 1 2 
Anchoa mitchilli eggs 1945 hr 11 5 2 
Anguilla rostrata 1 1 
Brevoortia tyrannus 4 3 1 1 
Dorosoma petenense 1 1 
Elops saurus 1 1 
Gobiosoma bosci 1 2 2 5 1 1 
Menidia beryllina 1 1 
Menidia menidia 1 3 
Micropogon undulatus 1 
Alosa aestivalis 17 May 1 
Anchoa mitchilli eggs 1100 hr 15 13 33 31 13 11 ~ 
......J 
Dorosoma petenense 3 1 
Gobiosoma bosci 2 4 4 3 
Membras martinica 1 
Menidia beryllina eggs 1 
Menidia menidia 1 
Anchoa mitchilli 17 May 1 2 1 
Anchoa rnitchilli eggs 2255 hr 51 56 1 1 8 4 4 1 1 
Brevoortia tyrannus 1 8 2 3 7 2 3 1 4 
Dorosoma petenense 1 
Dorosoma sp. eggs 1 
Elops saurus 1 
Gobiosorna bosci 1 4 6 2 2 1 1 1 3 
Micropogon undulatus 1 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 27 May 30 25 24 25 18 22 
Dorosoma petenense 0729 hr 1 1 
Gobiosoma bosci 1 1 1 1 1 4 3 
· Menidia beryllina 1 
Menidia menidia 1 1 
Anchoa mitchilli 27 May 1 
Anchoa mitchilli eggs 1914 hr 2 4 8 2 1 6 
Gobiosoma bosci 3 3 1 2 4 1 
Menidia beryllina 1 1 1 
Menidia menidia 1 
Anchoa mitchilli 16 June 1 **** 1 .c::. (X) 
Anchoa mitchilli eggs 1124 hr 101 63 40 30 108 5 7 5 4 
Dorosoma cepedianum 1 
Dorosoma petenense 1 
Gobiosoma bosci 64 64 16 28 44 131 156 42 42 
Leiostomus xanthurus 1 
Anchoa mitchilli 16 June 1 1 2 2 
Anchoa mitchilli eggs 2319 hr 97 62 61 77 12 20 48 51 6 5 
Brevoortia tyrannus 1 1 1 
Dorosoma petenense 1 
Gobiosoma bosci 64 55 148 161 60 73 74 96 80 69 
Lepomis macrochirus 1 
Membras martinica 2 
Menidia bery1lina 1 
Menidia menidia 1 1 1 1 
Micropogon undu1atus 1 1 
Morone saxatilis 1 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa rnitchilli 28 June 2 2 1 
Anchoa rnitchilli eggs 0756 hr 3 22 1 6 1 
Dorosorna petenense 1 
Gobiosorna bosci 135 153 45 67 43 35 12 5 2 2 
Gobiosorna bosci eggs 1 
Menidia beryllina eggs 1 
Menidia menidia 2 2 1 
Morone saxatilis 1 
Anchoa rnitchilli 28 June 2 2 5 5 4 8 4 5 7 6 
Anchoa mitchilli eggs 2030 hr 5 1 2 
Gobiosorna bosci 303 558 108 135 139 147 106 141 42 41 
Mernbras martinica 2 ~ \a 
Menidia beryllina 2 1 
Menidia menidia 3 1 1 
Micropogon undulatus 1 
Anchoa rnitchilli 12 July 13 12 8 7 22 6 17 9 14 8 
Anchoa mitchilli eggs 0847 hr 143 140 71 13 61 11 11 5 2 
Dorosorna cepedianurn eggs 1 
Gobiosorna bosci 106 60 192 83 74 46 89 77 40 52 
Menidia beryllina 2 2 2 
Menidia menidia 1 
MBR 1 
Table 7· (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa rnitchilli 12 July 4 2 3 3 6 7 13 13 17 25 
Anchoa rnitchilli eggs 2211 hr 91 5 9 35 55 5 8 10 2 
.Fundulus diaphanus 1 
Gobiidae 1 
Gobiosorna bosci 126 75 270 315 195 183 121 144 170 199 
Mernbras rnartinica 1 2 
Menidia beryllina 1 1 1 2 
Menidia rnenidia 1 1 2 
Micropogon undulatus 1 1 3 
Trinectes maculatus 1 1 
Anchoa rnitchilli 26 July 33 32 12 30 13 18 23 20 15 18 
Anchoa rnitchilli eggs 0847 hr 6 1 5 2 U1 0 
Fundulus heteroclitus 1 
Gobiosorna bosci 69 34 45 79 6 22 13 14 6 12 
Mernbras rnartinica 1 5 5 13 6 20 12 4 
Menidia beryllina 5 3 
Menidia rnenidia 1 1 4 1 
MBR 1 
Anchoa rnitchilli 26 July 11 13 35 25 50 48 43 53 60 69 
Anchoa rnitchilli eggs 2042 hr 4 2 7 1 
Gobiosorna bosci 125 102 86 91 103 164 47 68 50 59 
Mernbras rnartinica 1 1 1 
Menidia beryllina 1 
Menidia rnenidia 1 2 3 
Syngnathus fuscus 1 
Trinectes rnaculatus 1 1 2 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 9 Aug. 24 20 3 17 28 40 24 18 67 20 
Anchoa mitchilli eggs 0802 hr 1 5 4 1 2 1 3 
Gobiosoma bosci 44 42 9 24 29 35 22 39 35 6 
Membras martinica 6 2 1 4 2 
Menidia beryllina 1 
Menidia menidia 4 
Anchoa mitchilli 11 Aug. 31 20 31 24 13 Mud 30 27 18 30 
Anchoa mitchilli eggs 2244 hr 7 11 1 1 1 Sample+ 
Gobiosoma bosci 727 691 117 100 132 111 70 44 ~-.::> 
Membras martinica 8 4 1 5 2 2 4 6 6 
Menidia beryllina 1 
Menidia menidia 1 2 U1 1-' 
Anchoa mitchilli 12 Aug. 9 9 3 2 1 2 9 13 7 9 
Anchoa mitchilli eggs 1028 hr 7 13 2 3 9 5 
Gobiosoma bosci 130 117 13 14 5 4 3 1 4 1 
Membras martinica 1 35 22 1 1 1 1 
Menidia beryllina 3 
HBR 1 
Anchoa mitchilli 16 Aug. 2 4 4 3 1 
Anchoa mitchilli eggs 1307 hr 3 5 1 2 2 4 
Gobiosoma bosci 10 6 4 1 6 
Membras martinica 2 1 1 1 11 
Menidia bery1lina 1 
Menidia menidia eggs 1 
MBR 1 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 17 Aug. 2 8 14 15 13 14 16 20 13 19 
Anchoa mitchil1i eggs 0152 hr 1 1 
Gobiosoma bosci 37 35 20 31 41 32 104 91 38 73 
Membras martinica 1 2 3 1 3 1 1 2 
Menidia menidia 1 
Trinectes maculatus 1 
Anchoa mitchilli 24 Aug. 5 4 4 2 1 1 1 
Anchoa mitchi1li eggs 0813 hr 1 3 
Atherinidae 2 
Fundulus heteroc1itus 1 
Gobiosoma bosci 12 22 1 5 6 1 1 
Membras martinica 2 1 2 U1 
MBR 1 1\J 
Anchoa mitchil1i 24 Aug. 12 2 2 5 6 11 18 11 32 36 
Anchoa mitchil1i eggs 2036 hr 1 1 1 1 
Gobiosoma bosci 13 8 5 8 9 8 36 32 14 17 
Membras martinica 1 1 1 1 6 
Trinectes macu1atus 1 1 
Anchoa mitchil1i 31 Aug. 1 11 11 11 13 23 17 8 9 
Gobiosoma bosci 0118 hr 64 67 71 56 34 31 77 71 7 5 
Membras martinica 1 1 1 3 1 2 
Menidia beryllina 2 2 
Microgobius thalassinus 1 
Micropogon undu1atus 1 1 1 
Symphurus p1agiusa 2 2 
Trinectes macu1atus 1 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 31 Aug. 1 2 2 2 
Gobiosoma bosci 1344 hr 1 6 4 
Membras martinica 1 
Anchoa mitchilli 9 Sept. 13 15 14 9 9 15 7 9 6 7 
Anchoa mitchilli eggs 2158 hr 2 
Brevoortia tyrannus 1 
Gobiosoma bosci 52 89 41 7 8 8 4 10 1 2 
Membras martinica 1 1 1 1 
Micropogon undulatus 2 5 1 2 1 
Symphurus plagiusa 1 1 1 
Anchoa mitchilli 23 Sept. 1 1 9 12 5 7 9 10 3 16 U1 w 
Gobiosoma bosci 2046 hr 3 1 1 3 1 8 2 3 
Membras martinica 1 1 
Micropogon undulatus 1 1 2 
Symphurus plagiusa 1 
Syngnathus fuscus 1 
Trinectes maculatus 1 
Anchoa mitchilli 24 Sept. 1 1 1 
Gobiosoma bosci 0858 hr 1 1 
Micropogon undulatus 4 6 1 
Anchoa mitchilli 27 Sept. 1 1 1 
Micropogon undulatus 1138 hr 1 
Anchoa mitchilli 29 Sept. 1 
Gobiosoma bosci 1300 hr 1 
Table 7. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 6 Oct. 1 1 1 2 1 
Gobiosoma bosci 2047 hr 1 1 
·Micropogon undulatus 1 
Symphurus plagiusa 1 
Syngnathus fuscus 1 
Anchoa mitchilli 7 Oct. 1 1 
Garnbusia affinis 0822 hr 1 
Micropogon undulatus 1 1 
MBR 1 
November No Sampling 
U1 
~ 
December No Sampling 
* Discharge canal right sample - jar broken. 
** Tow 3 left sample - jar broken. 
*** Tow 1 right sample - jar broken. 
**** Tow 2 right sample - jar broken. 
MBRtMangled Beyond Recognition. 
+ Presume net dipped while towing. 
Table 8. Species and calculated number of individuals per 100m3 captured in plume 
entrainment samples at VEPCO Surry Nuclear Power Plant from January through 
December 1976. 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Alosa aestivalis 6 Jan. 4 
1130 hr 
Alosa aestivalis 3 Feb. 6 2 3 
Anguilla rostrata 2225 hr 3 3 7 
Ictalurus punctatus 3 
Notropis hudsonius 4 
Alosa aestivalis 4 Feb. 3 
Menidia beryllina 1040 hr 2 
Alosa aestivalis 1 Mar. 3 
Anchoa mitchilli 0830 hr 52 82 2 8 V1 V1 
Etheostoma olmstedi 4 
Micropogon undulatus 2 
Alosa aestivalis 1 Mar. 4 7 
Anchoa mitchilli 2035 hr 28 38 2 2 5 6 6 8 2 
Anguilla rostrata 2 6 2 2 3 2 7 
Brevoortia tyrannus 2 
Ictalurus punctatus 2 
Micropogon undulatus 21 14 2 4 
Anchoa mitchilli 4 Mar. 39 65 7 4 4 9 7 7 
Anguilla rostrata 2210 hr 2 5 
Brevoortia tyrannus 3 
Micropogon undulatus 3 2 2 4 2 
Anchoa mitchilli 5 Mar. 33 32 3 2 2 
Anguilla rostrata 1055 hr 2 2 
Table 8. (Continued} 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 23 Mar. 11 * 5 
Anguilla rostrata 1525 hr 3 
Brevoortia tyrannus 22 2 
Leiostomus xanthurus 11 2 
Anchoa mitchilli 24 Mar. 4 4 3 
Anguilla rostrata 0325 hr 5 3 
Brevoortia tyrannus 3 4 15 20 8 
Leiostomus xanthurus 12 6 15 24 4 15 7 8 41 
Micropogon undulatus 18 6 2 5 2 ** 5 8 
Notropis hudsonius 8 
Paralichthys dentatus 3 2 
Trinectes maculatus 8 U1 0"\ 
Alosa sapidissima eggs 1 Apr. 6 
Anchoa mitchilli 0922 hr 2 3 
Anguilla rostrata 3 
Brevoortia tyrannus 14 14 2 6 5 5 3 2 
Ictalurus punctatus 3 
Leiostomus xanthurus 4 2 3 5 
Micropogon undulatus 7 4 2 3 
Trinectes maculatus 6 9 
Anchoa mitchilli 1 Apr. 3 
Anguilla rostrata 2111 hr 3 
Brevoortia tyrannus 3 3 8 5 13 10 6 4 2 2 
Leiostomus xanthurus 3 10 3 2 4 
Micropogon undulatus 17 21 5 6 
Trinectes maculatus 2 2 2 
Table a. (Continued) 
Discharge 
4 Species Date Canal Tow 1 Tow 2 Tow 3 Tow 
Left Right Left Right Left Right Left Right Left Right 
· Brevoortia tyrannus 6 Apr. 6 2 2 
Dorosoma petenense 1251 hr 2 
Menidia beryllina eggs 3 
Micropogon undulatus 2 
Morone americana 3 2 4 
Unidentified 5 
Anchoa mitchilli 6 Apr. 6 2 2 2 
Anguilla rostrata 2355 hr 3 4 
Brevoortia tyrannus 20 20 4 6 6 8 5 4 11 7 
Leiostomus xanthurus 11 3 13 4 1-0 8 2 4 4 
Micropogon undulatus 20 20 6 6 16 4 7 
Morone americana 4 2 V1 
...J 
Mugil cephalus 3 
Alosa sapidissima eggs 14 Apr. 2 
Brevoortia tyrannus 0749 hr 3 
Morone americana 2 2 5 2 
Anchoa mitchilli 14 Apr. 3 3 6 4 2 
Anguilla rostrata 1929 hr 2 2 3 
Brevoortia tyrannus 6 4 8 2 3 3 
Ictalurus punctatus 2 3 
Leiostomus xanthurus 4 4 2 2 
Menidia beryllina 3 2 
Micropogon undulatus 2 3 
Trinectes maculatus 3 
Brevoortia tyrannus 19 Apr. 8 3 4 
Gobiosoma bosci 1135 hr 2 3 5 
Menidia beryllina 2 
Unidentified eggs 3 2 
Table a. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 20 Apr. 3 8 5 6 11 20 
Brevoortia tyrannus 0003 hr 3 3 11 8 13 23 18 8 
Dorosoma petenense 3 
Leiostomus xanthurus 3 3 3 3 5 
Menidia beryllina 3 
Micropogon undulatus 3 6 5 8 3 
MBRt 3 3 
Anchoa mitchilli 5 May 8 3 *** 
Anchoa mitchilli eggs 1203 hr 5 
Brevoortia tyrannus 3 
Dorosoma petenense 7 3 
Gobiosoma bosci 2 l11 (X) 
Anchoa mitchilli 6 May 5 4 2 7 8 5 2 1 
Anchoa mitchilli eggs 0000 hr 2 
Anguilla rostrata 2 2 
Brevoortia tyrannus 5 10 9 9 26 19 2 4 
Dorosoma petenense 2 2 4 1 2 
Ictalurus punctatus 2 
Leiostomus xanthurus 3 
Micropogon undulatus 2 2 5 2 
Anchoa mitchilli eggs 13 May 30 12 7 8 
Brevoortia tyrannus 0723 hr 2 
Dorosoma petenense 4 2 2 4 5 
Gobiosoma bosci 9 6 3 8 2 
Membras martinica 2 
Table 8· (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 13 May 12 4 2 1 3 
Anchoa mitchilli eggs 1945 hr 41 20 4 
Anguilla rostrata 2 2 
Brevoortia tyrannus 15 12 1 2 
Dorosoma petenense 1 2 
Elops saurus 4 2 
Gobiosoma bosci 2 5 4 9 2 2 
Menidia beryllina 2 1 
Menidia menidia 4 12 
Micropogon undulatus 2 
Alosa aestivalis 17 May 1 
Anchoa mitchilli eggs 1100 hr 52 50 50 57 19 19 U1 \.0 
Dorosoma petenense 6 2 
Gobiosoma bosci 3 6 7 5 
Membras martinica 1 
Menidia beryllina eggs 2 
Menidia menidia 2 
Anchoa mitchilli 17 May 3 3 2 
Anchoa mitchilli eggs 2255 hr 177 200 2 2 14 7 8 2 2 
Brevoortia tyrannus 4 13 4 5 13 4 6 2 7 
Dorosorna petenense 2 
Dorosorna sp. eggs 3 
Elops saurus 2 
Gobiosoma bosci 4 7 12 3 4 2 2 2 5 
Micropogon undulatus 2 
Anchoa mitchilli eggs 27 May 113 100 59 75 48 64 
Dorosoma petenense 0729 hr 3 3 
Gobiosoma bosci 3 3 3 2 3 10 9 
Menidia beryllina 3 
Menidia menidia - 3 2 
Table 8. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 27 May 3 
Anchoa mitchilli eggs 1914 hr 7 15 17 5 2 16 
Dorosoma sp. eggs 2 
Gobiosoma bosci 11 6 2 4 9 3 
Menidia beryllina 2 3 2 
Menidia menidia 3 
Anchoa mitchi11i 16 June 3 **** 3 
Anchoa mitchi11i eggs 1124 hr 318 211 104 74 292 12 18 13 11 
Dorosoma cepedianum 2 
Dorosoma petenense 2 
Gobiosoma bosci 201 215 42 69 119 313 401 113 118 
Leiostomus xanthurus 3 0"1 0 
Anchoa mitchi11i 16 June 3 2 5 5 
Anchoa mitchi11i eggs 2319 hr 249 162 161 195 38 60 112 123 24 13 
Brevoortia tyrannus 3 3 2 
Dorosoma petenense 2 
Gobiosoma bosci 164 144 389 409 189 221 172 231 321 176 
Lepomis macrochirus 3 
Membras martinica 5 
Menidia bery11ina 3 
Menidia menidia 3 3 3 2 
Micropogon undulatus 2 2 
Morone saxata1is 3 
Anchoa mitchil1i 28 June 6 6 3 
Anchoa mitchilli eggs 0756 hr 9 63 2 14 3 
Dorosoma petenense 3 
Gobiosoma bosci 395 435 111 179 104 97 34 13 5 5 
Gobiosoma bosci eggs 3 
Menidia bery1lina eggs 3 
Menidia menidia 5 5 3 
Morone saxatalis 2 
Table 8· {Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 28 June 6 6 10 12 10 18 9 11 15 15 
Anchoa mitchilli eggs 2030 hr 15 3 4 
Gobiosoma bosci 883 1613 225 337 335 327 248 306 91 103 
Membras martinica 4 
Menidia beryllina 6 3 
Menidia menidia 9 2 3 
Micropogon undulatus 2 
Anchoa mitchilli 12 July 33 30 17 16 45 14 32 19 41 23 
Anchoa mitchilli eggs 0847 hr 361 353 155 29 125 26 21 11 6 
Dorosoma cepedianum eggs 2 
Gobiosoma bosci 267 151 418 184 152 108 168 164 117 148 
Menidia beryllina 4 4 4 m 1--' 
Menidia menidia 3 
MBR 2 
Anchoa mitchilli 12 July 11 5 7 6 14 17 30 33 44 66 
Anchoa mitchilli eggs 2211 hr 246 13 21 76 128 12 19 25 5 
Fundulus diaphanus 3 
Gobiidae 2 
Gobiosoma bosci 340 200 637 682 454 437 281 365 438 529 
Membras martinica 2 5 
Menidia beryllina 3 2 2 5 
Menidia menidia 2 2 5 
Micropogon undulatus 2 2 8 
Trinectes maculatus 2 3 
Anchoa mitchilli 26 July 85 82 30 37 29 47 58 55 41 47 
Anchoa mitchilli eggs 0847 hr 15 3 6 5 
Fundulus heteroclitus 2 
Gobiosoma bosci 178 87 113 99 13 58 33 39 17 32 
Membras martinica 3 13 6 29 16 51 33 11 
Menidia beryllina 13 8 
Menidia menidia 3 2 10 3 
MBR 3 
Table B. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 26 July 44 46 104 74 136 131 109 137 167 208 
Anchoa mitchilli eggs 2042 hr 16 6 19 3 
Gobiosoma bosci 496 361 255 269 279 449 119 176 139 178 
Membras martinica 4 3 3 
Menidia beryllina 3 
Menidia menidia 3 5 9 
Syngnathus fuscus 3 
Trinectes maculatus 3 3 6 
Anchoa mitchilli 9 Aug. 66 55 6 42 51 73 44 30 163 45 
"" Anchoa mitchilli eggs 0802 hr 3 14 10 2 4 2 5 N 
Gobiosoma bosci 121 115 19 60 53 64 40 64 85 13 
Membras martinica 11 4 2 10 4 
Menidia beryllina 2 
Menidia menidia 10 
Anchoa mitchilli 11 Aug. 91 61 80 61 47 76 72 39 79 
Anchoa mitchilli eggs 2244 hr 20 33 3 3 4 Mud 
Gobiosoma bosci 2126 2098 303 254 477 Sample+ 280 187 95 118 
Membras martinica 23 12 3 13 7 5 ·11 13 16 
Menidia beryllina 3 
Menidia menidia 3 5 
Anchoa mitchilli 12 Aug. 24 24 6 4 2 4 20 36 18 25 
Anchoa mitchilli eggs 1028 hr 19 34 4 6 19 11 
Gobiosoma bosci 348 308 24 30 11 9 7 3 10 3 
Membras martinica 3 65 47 2 2 3 3 
Menidia beryllina 6 
MBR 3 
Table 8. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchilli 16 Aug. 6 8 8 7 2 
Anchoa mitchilli eggs 1307 hr 10 16 2 4 4 9 
Gobiosoma bosci 32 19 8 2 13 
Membras martinica 4 2 2 2 27 
Menidia beryllina 2 
Menidia menidia eggs 3 
MBR 2 
Anchoa mitchilli 17 Aug. 9 32 39 41 27 28 33 42 46 52 
Anchoa mitchilli eggs 0152 hr 5 4 O't 
Gobiosoma bosci 167 141 56 85 84 65 215 190 134 200 w 
Membras martinica 5 6 8 2 6 2 4 5 
Menidia menidia 2 
Trinectes maculatus 2 
Anchoa mitchilli 24 Aug. 15 12 8 5 3 3 3 
Anchoa mitchilli 0813 hr 3 10 
Atherinidae 4 
Fundulus heteroclitus 3 
Gobiosoma bosci 35 68 2 13 16 3 3 
Membras martinica 4 3 6 
MBR 3 
Anchoa mitchilli 24 Aug. 45 7 5 14 18 32 71 43 68 76 
Anchoa mitchil1i eggs 2036 hr 4 3 3 2 
Gobiosoma bosci 49 30 14 22 26 23 142 126 30 36 
Membras martinica 3 4 4 2 13 
Trinectes maculatus 3 3 
Table 8. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left Right Left Right Left Right Left Right Left Right 
Anchoa mitchi11i 31 Aug. 3 26 31 28 40 61 55 27 31 
Gobiosoma bosci 0118 hr 189 221 169 156 86 96 206 229 24 17 
Membras martinica 2 3 3 8 3 7 
Menidia bery11ina 5 7 
Microgobius tha1assinus 3 
Micropogon undu1atus 3 3 3 
Symphurus p1agiusa 5 5 
Trinectes macu1atus 3 
Anchoa mitchi11i 31 Aug. 3 6 9 9 0"1 
Gobiosoma bosci 1344 hr 3 19 17 ~ 
Membras martinica 3 
Anchoa mitchil1i 9 Sept. 42 52 35 28 24 42 19 28 16 24 . 
Anchoa mitchi11i eggs 2158 hr 7 
Brevoortia tyrannus 3 
Gobiosoma bosci 167 306 102 22 21 22 11 32 3 7 
Membras martinica 2 3 3 3 
Micropogon undu1atus 6 17 2 6 3 
Symphurus p1agiusa 3 3 3 
Anchoa mitchi11i 23 Sept. 4 4 18 30 14 20 22 26 8 49 
Gobiosoma bosci 2046 hr 6 2 3 9 2 21 5 9 
Membras martinica 2 2 
Micropogon undu1atus 2 2 6 
Syngnathus fuscus 2 
Trinectes macu1atus 3 
Anchoa mitchi11i 24 Sept. 5 6 3 
Gobiosoma bosci 0858 hr 4 3 
Micropogon undu1atus 18 33 4 
Table a. (Continued) 
Discharge 
Species Date Canal Tow 1 Tow 2 Tow 3 Tow 4 
Left R~ght Left Right Left gight Left Right Left Right 
Anchoa rnitchilli 27 Sept. 6 3 2 
Micropogon undulatus 1138 hr 6 
Anchoa rnitchi11i 29 Sept. 2 
Gobiosorna bosci 1300 hr 2 
Anchoa rnitchi11i 30 Sept. 4 11 10 7 7 9 10 
Gobiosorna bosci 0125 hr 4 4 2 2 11 9 10 
Mernbras rnartinica 2 
Micropogon undulatus 14 45 11 2 4 11 5 0'\ 
Syrnphurus p1agiusa 9 7 11 4 U1 
Trinectes rnacu1atus 4 
Anchoa rnitchi11i 6 Oct. 3 2 2 6 3 
Gobiosorna bosci 2047 hr 2 3 
Micropogon undulatus 3 
Syrnphurus p1agiusa 3 
Syngnathus fuscus 3 
Anchoa rnitchil1i 7 Oct. 2 3 
Gambusia affinis 0822 hr 2 
Micropogon undulatus 2 2 
MBR 2 
Table 8. (Continued) 
Species Date 
November 
December 
Discharge 
Canal 
Left R_ight 
Tow 1 
Left ~ight 
No Sampling 
No Sampling 
* Discharge canal right sample - jar broken. 
** Tow 3 left sample - jar broken. 
*** Tow 1 right sample - jar broken. 
**** Tow 2 right sample - jar broken. 
MBRt Mangled beyond recognition. 
+ Presume net dipped while towing. 
Tow 2 Tow 3 Tow 4 
Left ~-ig~h __ t __ L __ e_f_t __ R_i~g_h_t ___ L_e_f_t_R __ i~g~h_t __ 
"' 
"' 
Table 9. Salinity (PPT) at VEPCO Surry Nuclear Power Plant during plume entrainment stations 
from January through December 1976 (D=Day; N=Night). 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Mid water Bottom 
Jan. 06 (D) 0.9 0.2 0.2 0.2 0.2 0.3 0.2 0.3 
Feb. 03 (N) 0.2 0.2 0.2 0.2 * 0.1 0.2 0.2 
Feb. 04 (D) 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 
Mar. 01 (D) 1.5 1.5 1.5 1.1 1.0 1.0 0.3 0.2 
Mar. 01 (N) 1.4 1.4 1.4 1.3 0.8 0.7 0.6 0.5 
Mar. 04 (N) 2.4 2.4 2.4 1.8 1.7 1.6 0.3 1.0 
Mar. 05 (D) 2.5 2.5 2.5 1.3 1.3 1.5 0.3 0.2 
Mar. 23 (D) 0.9 0.9 0.9 0.6 0.6 0.5 0.6 0.5 
Mar. 24 (N) 1.2 1.2 1.2 0.7 0.9 0.9 0.8 0.7 
Apr. 01 (D) 2.2 2.3 2.2 1.3 1.5 1.6 0.8 1.0 
Apr. 01 (N) 1.6 1.6 1.5 0.9 1.0 1.0 0.3 0.7 
Apr. 06 (D) 1.0 1.0 1.1 0.9 0.6 0.4 0.7 0.4 
Apr. 07 (N) 1.1 1.1 1.1 0.6 0.8 0.9 0.6 0.4 
Apr. 14 (D) 1.9 1.9 1.9 1.7 1.8 1.3 0.3 0.7 
Apr. 14 (N) 2.1 2.0 2.0 1.8 1.8 0.9 0.7 
en 
-...J 
Table 9. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
~pr. 19 (D) 2.0 2.1 2.0 0.5 0.7 0.4 1.0 0.8 
Apr. 19 (N) 2.0 2.0 1.9 1.3 1.5 1.5 0.7 0.6 
May 05 (D) 4.9 4.9 4.9 1.5 ? 2.3 1.1 1.3 
May 06 (N) 4.4 4.4 4.4 2.9 2.9 3.9 3.5 1.1 
May 13 (D) 5.0 5.0 5.0 2.1 2.3 2.8 1.8 2.2 0'\ 
(X) 
May 13 (N) 5.0 5.0 5.0 1.6 3.1 1.8 2.5 
May 17 (D) 4.6 4.5 4.6 3.0 3.9 3.9 2.6 2.5 
May 18 (N) 5.1 4.7 5.2 3.9 3.6 * 2.4 2.6 
May 27 (D) 6.1 6.2 6.2 4.0 4.2 4.5 1.9 2.2 
May 27 (N) 5.8 7.0 5.9 3.6 4.0 3.9 2.0 3.7 
June 16 (D) 3.3 3.3 3.3 2.4 2.7 2.3 1.7 1.4 
June 17 (N) 3.6 3.7 3.7 2.5 1.6 1.2 1.5 1.9 
June 28 (D) 2.7 2.7 2.7 1.7 1.3 0.9 0.4 0.3 
June 28 (N) 3.1 3.1 3.1 1.9 1.9 1.9 1.3 1.2 
July 12 (D) 5.0 5.4 4.6 4.2 3.5 3.6 2.4 2.1 
Table 9. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
July 12 (N) 4.6 4.8 4.8 3.6 3.6 3.6 2.3 2.8 
July 26 (D) 8.2 8.1 8.1 6.1 6.2 6.3 3.5 4.0 
July 26 (N) 9.0 9.0 9.0 3.8 5.6 5.9 4.8 4.7 
Aug. 09 (D) 9.1 8.7 8.7 6.7 7.2 7.2 6.2 6.3 
Aug. 11 (N) 9.2 9.5 9.2 5.2 6.6 6.9 5.9 6.0 
0'\ 
\0 
Aug. 12 (D) 8.9 8.7 8.6 6.9 7.3 7.3 4.4 6.0 
Aug. 16 (D) 8.3 8.2 8.2 5.7 6.2 5.9 5.1 5.1 
Aug. 17 (N) 8.2 8.3 8.2 5.9 6.5 7.0 6.5 6.5 
Aug. 24 (D) 10.8 10.1 10.0 7.8 6.9 7.6 6.3 6.4 
Aug. 24 (N) 10.1 10.1 10.1 9.3 8.6 8.4 6.4 6.3 
Aug. 31 (N) 10.0 9.9 9.9 7.0 7.5 9.2 6.2 7.1 
Aug. 31 (D) 9.5 9.6 9.6 8.3 8.1 8.4 6.1 7.4 
Sept.09 (N) 11.0 10.6 10.7 9.9 9.2 9.7 7.1 7.1 
Sept.23 (N) 10.5 10.5 10.5 6.3 8.8 7.4 6.5 6.5 
Sept.24 (D) 10.4 10.2 10.2 8.0 8.4 9.1 6.6 6.8 
Table 9. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
Sept.27 (D) 11.1 10.8 10.8 7.4 8.0 9.5 6.6 6.5 
Sept.29 (D) 9.6 9.6 9.6 7.3 7.4 8.4 5.8 5.9 
Sept.30 (N) 10.1 10.1 10.1 6.6 6.7 6.2 7.0 7.1 
Oct. 06 (N) 10.2 10.1 10.1 5.1 5.6 7.8 5.4 6.1 
Oct. 07 (D) 9.7 9.8 9.8 6.7 6.8 4.7 4.9 5.2 
....,J 
0 
Nov.** 
Dec. ** 
- Midwater samples not taken due to shallow water. 
* Data not on sheet from Chern. Lab. 
? Not recorded 
** November and December samples cancelled because of plant shutdown. 
Table 10. Water temperature (C) at VEPCO Surry Nuclear Power Plant during plume entrainment 
stations from January through December 1976 (D=Day; N=Night). 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
Jan. 06 (D) 12.0 12.0 11.5 8.5 8.1 7.9 4.5 4.0 
Feb. 03 (N) + + + + + + + + 
Feb. 04 (D) 10.7 10.4 10.2 9.7 9.1 9.7 5.0 5.6 
Mar. 01 (D) 22.0 * 21.0 19.0 18.0 18.3 12.5 13.0 
Mar. 01 (N) 22.0 22.2 22.2 19.0 17.2 17.5 16.5 16.0 
.....,J 
Mar. 04 (N) 17.0 17.0 16.5 16.5 16.0 16.0 14.0 15.0 ~ 
Mar. 05 (D) 19.5 19.5 19.5 17.0 17.0 17.5 14.7 15.1 
Mar. 23 (D) + + + + + + + + 
Mar. 24 (N) 19.5 18.5 18.0 15.5 15.5 15.5 15.0 14.0 
Apr. 01 (D) 18.5 18.0 17.0 16.2 17.0 16.8 15.6 16.0 
Apr. 01 (N) 19.5 19.5 19.0 17.0 17.0 16.8 15.0 15.0 
Apr. 06 (D) 23.8 23.5 23.5 21.0 18.5 17.8 20.0 17.7 
Apr. 07 (N) 21.6 21.1 21.1 18.0 19.0 20.0 18.0 14.0 
Apr. 14 (D) 21.5 21.0 21.5 19.5 18.2 17.5 14.7 14.5 
Apr. 14 (N) 23.5 22.8 22.5 21.0 20.8 17.3 16.2 
Table 10. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Mid water Bottom 
Apr. 19 (D) 26.8 26.8 26.5 21.2 21.5 20.2 22.6 22.2 
Apr. 19 (N) 24.5 23.5 24.5 23.0 23.0 22.0 21.0 21.0 
May 05 (D) 18.8 19.0 18.8 19.0 * 18.5 18.8 18.2 
May 06 (N) 20.5 19.5 20.0 19.5 18.5 15.5 18.3 18.0 
May 13 (D) 23.5 22.5 22.5 19.8 19.2 20.0 20.0 19.0 
-...J 
N 
May 13 (N) 25.4 24.0 * 20.0 21.5 20.5 20.9 
May 17 (D) 27.0 27.0 27.0 25.0 26.0 26.0 24.5 24.0 
May 18 (N) 26.8 27.5 * 24.0 * 24.0 23.8 23.5 
May 27 (D) 24.3 23.0 23.0 21.0 21.5 22.0 20.0 20.0 
May 27 (N) 26.0 25.0 25.0 23.0 22.5 22.5 20.0 19.5 
June 16 (D) 30.5 29.5 29.5 26.5 26.8 26.8 24.0 22.9 
June 17 (N) 29.5 29.0 28.5 26.0 23.5 23.0 24.0 24.0 
June 28 (D) 0 0 0 28.3 27.5 26.8 25.3 25.0 
June 28 (N) 33.0 + + 29.1 28.0 27.0 27.5 26.1 
July 12 (D) 34.0 33.0 33.0 29.5 30.0 29. 7• 27.5 27.0 
Table 10. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
July 12 (N) 33.2 32.0 32.2 31.6 * 28.5 27.8 27.5 
July 26 (D) 34.3 33.0 33.5 31.5 31.0 30.6 27.5 * 
July 26 (N) 35.6 34.0 34.6 28.2 29.2 30.2 29.4 28.8 
Aug. 09 (D) 33.5 32.7 32.4 30.0 29.5 30.2 27.7 26.5 
Aug. 11 (N) 32.5 32.0 32.0 27.0 28.0 29.0 27.0 27.5 
.....,J 
w 
Aug. 12 (D) 34.0 32.9 32.9 29.7 29.8 30.3 28.0 28.8 
Aug. 16 (D) 31.5 31.0 30.8 29.0 28.2 28.0 27.8 27.5 
Aug. 17 (N) 31.5 30.5 30.0 27.5 27.5 27.5 26.0 26.0 
Aug. 24 (D) 34.1 33.0 33.5 30.5 28.5 29.2 28.3 27.8 
Aug. 24 (N) 37.0 34.5 35.0 34.8 32.5 32.0 29.0 22.0 
Aug. 31 (N) 32.5 30.0 30.0 26.0 27.0 28.0 26.0 25.5 
Aug. 31 (D) 34.9 34.0 34.0 31.8 30.7 31.3 27.9 28.8 
Sept.09 (N) 33.0 32.0 32.0 31.5 29.2 29.5 26.0 26.0 
Sept.23 (N) 28.0 27.0 27.0 22.0 24.0 24.5 21.0 20.0 
Sept.24 (D) 27.0 26.0 25.0 23.8 23.5 23.0 22.5 22.5 
Table 10. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
Sept.27 (D) 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 
Sept.29 (D) 22.0 21.7 21.8 22.4 22.4 22.0 22.8 23.0 
Sept.30 (N) 22.2 22.0 22.0 22.1 21.0 21.0 21.5 21.0 
Oct. 06 (N) 26.0 24.5 24.0 20.5 20.5 22.0 20.5 20.5 
Oct. 07 (D) 25.5 25.3 25.0 21.5 21.5 22.5 20.0 19.8 
.._J 
~ 
Nov.** 
Dec.** 
- Midwater samples not taken due to shallow water. 
+ No thermometer. 
o Thermometer broken 
* Temperature not recorded 
** November and December samples cancelled because of plant shutdown 
Table 11. Dissolved oxygen (mg/1) at VEPCO Surry Nuclear Power Plant during plume entrainment 
stations from January through December 1976 (D = Day; N = Night) . 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
Jan. 06 (D) 11.3 11.2 12.1 11.7 11.5 11.4 11.2 11.9 
Feb. 03 (N) 8.6 10.3 7.8 8.8 * 10.1 10.5 11.0 
Feb. 04 (D) 8.1 9.8 10.3 7.9 10.5 11.0 11.5° 10.8 
Mar. 01 (D) 8.0 8.6 8.8 8.6 8.7 8.7 9.4 9.6 
Mar. 01 (N) 8.2 7.3 9.1 7.0 8.5 9.5 9.4 9.6 
'-.] 
U1 
Mar. 04 (N) 8.5 8.9 9.1 8.7 8.7 8.6 9.0 8.8 
Mar. 05 (D) 8.8 9.2 8.9 8.9 8.9 8.9 9.3 9.1 
Mar. 23 (D) 9.4 9.6 9.5 9.4 9.1 9.3 9.4 9.1 
Mar. 24 (N) 9.6 10.2 9.6 9.3 10.0 9.4 10.1 10.0 
Apr. 01 (D) 9.7 9.1 8.9 9.0 9.7 9.4 8.7 9.0 
Apr. 01 (N) 8.5 9.1 9.4 9.4 9.0 9.0 9.2 8.9 
Apr. 06 (D) 8.3 8.2 8.1 9.2 8.9 8.9 8.8 9.1 
Apr. 07 (N) 7.7 8.400 6.0 * 8.0 7.4 8.0 8.4 
Apr. 14 (D) 8.2 8.8 8.5 9.0 9.1 8.9 8.8 9.4 
Apr. 14 (N) 9.5 9.4 9.1 9.3 9.3 9.1 9.4 
Table 11. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
Apr. 19 (D) 8.4 8.6 8.5 8.5 8.6 8.8 8.5 8.7 
Apr. 19 (N) 8.3 8.4 8.5 8.1 8.3 8.1 8.4 8.5 
May 05 (D) 9.1 9.0 8.9 9.2 ? 9.1 9.2 8.9 
May 06 (N) 9.2 9.6 9.0 9.4 9.3 9.0 8.9 8.9 
May 13 (D) 8.7 11.4 12.7 10.9 10.2 9.4 10.4 10.5 
.._J 
0"1 
May 13 (N) 9.1 8.2 8.9 8.4 8.5 8.4 9.9 
May . 17 (D) 9.4 8.1 8.6 8.0 8.2 7.6 7.3 9.0 
May 18 (N) 7.9 7.8 7.8 7.7 8.0 * 8.3 8.4 
May 27 (D) 7.6 7.9 8.0 8.3 8.2 8.2 8.5 8.0 
May 27 (N) 8.4 9.7 8.8 9.7 8.9 8.9 9.1 8.3 
June 16 (D) 7.9 8.0 7.6 8.0 8.1 8.4 8.1 8.3 
June 17 (N) 7.3 7.6 7.9 8.5 8.3 0 0 0 9.0 8.6 
June 28 (D) 6.4 6.4 6.6 7.1 7.6 7.8 7.9 7.6 
June 28 (N) 7.0 7.8 6.8 7.5 7.4 7.5 8.6 8.9 
July 12 (D) 6.7 7.0 6.9 6.7 6.8 7.4 7.2 7.2 
Table 11. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
July 12 (N) 7.0 7.0 7.0 6.9 7.1 7.3 7.1 ? 
July 26 (D) 6.3 5.6 6.0 6.3 6.6 6.7 6.8 6.2 
July 26 (N) 6.1 6.4 6.1 7.8 8.4 8.4 8.1 8.2 
Aug. 09 (D) 6.8 6.9 6.8 7.2 5.9 6.1 7.0 6.8 
Aug. 11 (N) 6.9 7.0 6.9 6.9 6.4 6.1 7.5 7.5 
.._J 
.._J 
Aug. 12 (D) 6.9 6.9 6.8 7.6 7.1 7.0 7.9 7.6 
Aug. 16 (D) 7.0 7.3 6.9 7.7 7.4 7.9 8.0 7.7 
Aug. 17 (N) 6.3 . 7.1 6.5 7.8 7.6 7.7 7.4 7.7 
Aug. 24 (D) 7.6 7.3 7.0 7.5 7.7 7.5 7.9 9.0 
Aug. 24 (N) 7.3 7.6 7.4 7.1 7.8 7.7 8.4 8.5 
Aug. 31 (N) 6.9 7.0 7.0 7.5 7.4 6.6 6.4 7.4 
Aug. 31 (D) 7.3 7.1 7.0 7.2 7.4 7.4 7.7 7.6 
Sept.09 (N) 7.4 8.9 7.1 7.2 7.8 7.4 7.8 8.3 
Sept.23 (N) 7.8 7.9 7.8 7.9 8.0 8.1 7.5 8.7 
Table 11. (Continued) 
DISCHARGE CANAL PLUME AMBIENT RIVER WATER 
DATE Surface Midwater Bottom Surface Midwater Bottom Surface Midwater Bottom 
Sept.24 (D) 6.9 7.8 7.5 7.0 6.7 7.7 8.1 7.8 
Sept.27 (D) 8.0 8.3 9.0 9.0 7.6 7.8 7.6 7.8 
Sept.29 (D) 7.4 7.2 7.8 8.0 8.0 7.4 8.0 8.6 
Sept.30 (N) 7.8 8.0 7.5 8.0 8.2 8.2 8.1 7.8 
Oct. 06 (N) 7.0 7.3 7.4 7.1 7.4 7.2 7.5 8.1 
......,J 
co 
Oct. 07 (D) 8.0 7.5 7.3 7.2 7.8 8.1 7.3 7.6 
Nov.** 
Dec. ** 
- Midwater samples not taken due to shallow water. 
* Data not on sheet from Chern. Lab. 
o Note on data from Chern. Lab.: "Acid added 2-10-76". 
oo Note on data from Chern. Lab.: "Over ran". 
? Not recorded. 
0 0 0 Note on data from Chern. Lab.: "Sample contained rust colored sediment". 
** November and December samples cancelled because of plant shutdown. 
Table 12. Simple correlation coefficients of dependent (Yi) and independent (Xi) variables 
p < 0. 01; o~in~ very highly significant correlation, P < 0.001). 
·~< significant correlation, P < 0.05; ob~ highly significant correlation, 
xl Xz x3 X4 x5 X6 X] Xs 
yi Temperature Salinity Plume Ambient Period Fall Winter Spring 
Yl, Total abundance 0 • 619-f<O'<'f; 0. 23Qo'dd< 0.028 -0 .13lo'< 0.428idd; -0 • 215o'<o';i; -0.264'1<>'<>'< -0.116 
of fish 
(n=239) 
Y- Total abundance 0. 441 ;';o'd; 0.107 0.085 -0, 28lo'dd; -0.032 -0.122 -0. 241*0'<* 0 .159'1< -,, 
of eggs 
(n=239) 
Y3 , Abundance of 
0 • 5 61 o'n'<i< O • 3Q9o'<i<>'< -0.023 -0.012 0.352o'dd< -0.186o'< NA -0.532*>'<>'< 
fl. mitchilli fish 
(n=164) 
Y4, Abundance of 0.33]id<o'< -0.216-1<>'< 0.102 -0.356o'd:i: -0.039 -0.1901< NA 0.2811<>'<* 
A· mitchilli eggs (n=l64) 
Y5 , Abundance of 0.620o'dd; -0.082 0.058 -0.084 
O. 3201<o'<i< -0.292i<id; NA -0.119 
G. bosci fish 
- ~=164) 
-....J 
\0 
Table 13. Descriptive statistics of dependent (Yi) and independent (Xi) variables (N number of observations). 
January - October 1976 May - October, 1976 
Standard Standard 
Variable Mean Deviation Minimum Maximum N Mean Deviation Minimum Maximum N 
yl' Total abundance of fish 1.415 0.903 0 3.645 250 
Y2, Total abundance of eggs 0.415 0. 729 0 2.854 250 
Y3, Abundance of A· mitchilli fish 0.929 0.797 0 2.575 165 
Y4, Abundance of A· mitchilli eggs 0.617 0.823 0 2.854 165 
Y5, Abundance of g. bosci fish 1.330 1.064 0 3.626 165 
X1, Temperature 22.900 5.973 4 36 239 25.67i 4.186 18 36 164 
CD 
0 
x2, Salinity 3.828 3.027 0 11 250 5.333 2.642 0 11 165 
x3, Plume 0.400 0.491 0 1 250 0.400 0.491 0 1 165 
x4' Ambient 0.400 0.491 0 1 250 0.400 0.491 0 1 165 
X5, Period 0.480 0.501 0 1 250 0.485 0.501 0 1 165 
x6, Fall 0.040 0.196 0 1 250 0.061 0.239 0 1 165 
x7, Winter 0.180 0.385 0 1 250 
x8, Spring 0.400 0.491 0 1 250 0.364 0.483 0 1 165 
Table 14. Summary statistics for final stepwise regression equations; R2 = coefficient of multiple determination, F8 = F statistic for F-test of significance of regression, 
DF = degrees of freedom for F-test, Sig. = significance of the regression, bi = partial regression coefficient (Partial F-test of significance of bi, Ho: bi = 0, 
H1: bi "I 0; ,·,p < 0.05; -Idrp < 0.01; -I"'drp < 0.001; ns, not significant, P > 0.10). 
b. 
Final Equation xl x2 x3 ~ xs 1 X6 X7 x8 
y. 
1 
R2 Fs DF Sig. Temperature Salinity Plume Ambient Period Fall Winter Spring Constant 
yl' Total abundance 0.667 57.5 8,230 0.001 0.110''"'"'' -0.201>'<>'<>'< -0.220'~ -0.374-Idr 0. 740>'<>'"'' -0.841-:"'n~ -0. 727'''"' -0. 884*'"''' 0.112 
of fish 
Y2, Total abundance 0.319 27.4 4,234 0.001 0,0781o'dr -0.096''"b'r -0.230-Ir -0.503Mdr ns ·ns ns ns -0.689 
of eggs 
Y3, Abundance of 0.625 52.8 5,158 0.001 0. 068>b'"'' -0. 095""''"' ns ns 0.613''"''* -0.661""'"'' NA -1. 095idrir -0.171 
!::_. mitchilli fish 
Y4 , Abundance of 0.474 35.8 4,159 0.001 0.075'"''''~ -0.189''"'"'' -0. 640,'ddr -1. 180''"'"'' ns ns NA ns 0.424 !::.· mitchilli eggs 
Y5 , Abundance of 0.665 51.9 6,157 0.001 0. 170'''""'' -0.246""'"'' ns -0.201 0. 744''"'"'' -0.593"'* NA -0. 702""'"'' -1.721 g. bosci fisO'l 
CX) 
~ 
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Appendix 1 
The following correspondence was received from 
Dr. M. L. Brehmer of VEPCO on November 10, 1976: 
November 8, 1976 
Dr. J. V. Merriner 
Virginia Institute of Marine Science 
Gloucester Point, Virginia 23062 
Dear Dr. Merriner: 
As you are aware, Surry Units 1 and 2 are off line at 
the present time. This situation creates a need for a 
temporary modification in your plume entrainment sampling 
program. 
Effective immediately and lasting until at least one 
unit is returned to service, you are authorized to delete 
the plume sampling portion of your program. The discharge 
canal sample will be taken as scheduled as will the 
additional samples that we have discussed. 
Please maintain contact with Mr. Bill Bolin at Surry 
about the scheduled return to service of the units. 
If you have any questions, please let me know. 
MLB/lj 
Very truly yours, 
Morris L. Brehmer, Ph.D. 
Executive Manager 
Environmental Services 
